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Abstract 
All TRAer 
Chlorpyrifos is  a memb r of the organ phosphorus class of insectici des. 
This class of in ect i ci des has b come one of the most widely u nder 
grou ps of pest control chemicals. Early organophosphorus compounds 
that  were found to be fficacious for insect control and thus brough t into 
widespread use, e .g. Chlorpyrifos, Parathion and Mala thion. The broatI­
s pectru m insec t i c ida l  proper t ies of hlorpyrifos i n d i ca ted that  it 
possessed substan tial commercial potential  to use aga inst a wide variety 
of i mportant  arthropod pest via a nu mber of com mercial ized products. 
Therefore, it is em ployed in a wide variety of agricul tural  antI special ly 
pest  control  s cen ar ious  a n d  o t her a r thr opod pests  threa ten i n g  
prod u ct ion of fiber a n d  ma in tena nce o f  human hea l th .  This thesis 
involves the pol arographic antI vol tammetric beha viour of Chlorpyrifos 
a t  the  mercury e lectrode surface.  The work was d eveloped for 
appl i ca t ion of the d i fferent ia l  pu lse- polarography (OPP) and cathodic 
a dsorp t i ve s t r i pping vol tammetry (OP-CASY) for de termina t ion of 
Chlorpyri fos i n  some waler samples and in  lomato plant. 
Chapter I of the thesis includes the environmental i mpact, sequences for 
pes t i c i d e  res i d u e  a na l y s i s  a n d  a l i tera t u re su rvey  abo u t  the  
preconcen tra tion and analysis  of orga nochloro and organophosphorous 
pesticides. Also, the objecti ve of this work is included.  
The experimental part  of the thesis is  presen ted in Chapter I I .  I t  includes 
the chem icals and materi als used , the methods of prepara tion of the 
v a ri ous  sol u tions  and the m e thods of prepa ra t ion of the tested 
I iI 
com pound in  ar ious wa ler samples .  The i ns lrumenls used for 
polarographic  and v l lammelr ic  anal ysi are i ncluded . The general 
proced ures for polarographic and vol tammetric analysis as well as, for 
the exlract ion of the insec l ic id from waler and plant  samples wele 
pres n ted. 
In Chapler II I the d i fferent ia l  pulse polarographic (Orr) behaviour f 
Chlorpyri fo (Cr) was inves l iga led over a wide range of pH (pH 1 .8-1 0. 1) .  
cr compound displays a w 11 resolved ca lhodic red uction peak a t  -1.2 Y 
vs Ag/ AgCI (pr I . 2) .  Th is peak is  probably corresponding to the 
reduct ion of  the ,..C= N - cen lle of the pyridyl moiety .  The effect of 
solu tion and opera lional parame lers on the sensi l iv i ty of the orr peak 
was carefu l ly  examined in  order lo select the opt imum condi tions for 
determina tion of the CP compound .  Under the opt imum con di tions the 
reduct ion response gi ves a l inear ca l ibra tion curve over a concen tra tion 
range of 9 .70x 1 0-7 - 6 .92x 1 0-6 M and the de lection l imi t  was found to be 
8. 7x 1 0-7 M .  The effecls of some d iverse metal ions, anions and other 
organophosphorus insect icide on the de termina l ion of cr compound 
were s tud ied . The appl icabi l i ty  of  OPP for determina t ion of the CP 
i nsecticide in the commercial sample as well  as in  some i rriga t ion water 
( treated waste wa ter and underground wa ler) was detected.  
The cycl i c  vol tammetric (CY) and the d i fferent ia l  pu lse - cathod ic  
a dsorpt ive  s tr ipping vol tammetr ic  (DP-CASY) beh av iour  of  the CP 
compou nd a t  Hg electrode were presen led in Chap ter I Y .  The CY 
indica tes that the oxidized form of the CP compound is strongly adsorbed 
at the mercury electrode surface, which is the ideal condi tion to apply the 
OP-C ASY method for trace analysis of the cr compound.  Under the 
liil 
opt imum cond i t ions ( p H  5 .01, 1 0  mV I s  scan ra te, 50 mV pulse 
ampl i tude, -0.4 V adsorpt ion t ime and 180-240 s adsorp t ion t ime) the 
tested compound was de tected down to 1 xl0-8 mol / L  using OP-CASV 
method . Also, the me thod was appl ied for determina tion of the CP 
compound in  some water samples ( tape wa ter, underground water and 
trea ted wasle wa ler) .  The degree of recoveries of the CP prepared in 
various water samples are in the acceptable range (91- 1 03%) except  in 
case of underground wa ter the degree of recovery of CP is relal ively low 
(76-81 %) .  A method of anal ysis was developed for de termina t ion of CP 
i n  toma to t i ssue,  i t  was fo und tha  t 2 . 66xl0- 7  mo1 / L C P  i s  the 
concentra tion of CP in toma lo tissue and it could be determined down to 
0. 01 8 mg CP / kg tomato. 
I t  can be conclu ded that the Chlorpyrifos compound could be determined 
using OPP with a de tection l imi t  of 8.7x10-7 mol / L. However, the trace 
anal ysis of CP could be possible down to l xl0-8 mol / L  (0 . 0034 mg / L) 
using OP-CASV technique. 
liii ] 
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CHAPTER I 
Introduction 
1 . 1 .  E nvironmental Impact a n d  S ignificance o f  Pesticides 
1.1.1. Historical overv iew: 
Pes ts have long been known to man.  The "Old  Tes tament" has 
many references to plagues of locust "ea ten by the worms" and the 
ol ive "tha t cast h is frui l". There are numerous forms of pests and 
as many a t tempted control measures. Formulation prepared from 
plan t extracts e .g . ,  n icotine or simple inorganic compounds were 
perhaps the ear l iest  forms of pest ic ides recorded i n  ancient 
documents of  more than severa l hundreds of years ago in  old 
centur ies (Chau & Biu  Lee, 1 982) . The abi l i ty  of  the xenobiotic 
compound DDT to con trol undesirable insects was d iscovered in 
1 939. Subsequently, methoxychlor, a DDT analog was also found to 
be effect ive against a wide range of insects (Chau & Biu Lee, 1 982) . 
In 1 945, the discovery of a plan t grow th regula tor known as 2,4-D 
phenoxya lkanoic acid opened the door for the d iscovery of a 
mul ti tude of s imilar compounds which are used as herbicides to 
con trol u ndesirable weeds by their selective action on broadleaf 
p lan ts ( Khan & Baderka, 1 974) .  Since then, chemicals for pest 
con t rol  had a d rama t ic  rise in  types, n umber and quant i ty .  
A l though these chemicals con trol insects, weeds and o ther pests 
and hence increase agricul tural products and minimize diseases to 
h u m a n  and a n i ma ls, some can a lso remain  ac t ive  in the 
environment for long periods of t ime, and some can affec t  the 
nontarge t organisms such as fish and wildl ife .  
[1 ] 
The bioaccumulat i  ve tendency and non target side effects of such 
pests cou ld  pose a hazard to heal th and to environmenta l  
e cosys tem (Robi n son,  1 9 73) .  Thus ,  the  mon i tor ing  a n d  
survei l lance o f  these chemicals in  food a n d  in  environment i s  a 
necessary and  basic s tep for heal th protection, env ironmental  
a s s e s s  m e n  t a n d  po l l u t i o n  co n t ro l . The i d e n  t i f i c a  t i o n ,  
charac te r iza t ion a n d  measu reme n t  of  the  concen t ra tion o f  
pol l u t a n ts i n  the  e n v i ronmen t prov ide  n o t  on ly  a bet ter  
u nderstanding of the extent and effects of pol lu tion, but  a lso of  the 
effecti veness of existing and new pol lu tion control action. 
The use of the term pesticides seems to encompass a wide range of 
materia ls. The broadest dict ionary definition of pest  indicates that 
al l  organic compounds used against  troublesome persons, 
on adsorp tion timesidered (Fowler and Fowler, 1 95 1 ) .  The 
normal usage of such ma terials involves their direct application to 
the environment coupled wi th their biocida l  nature and requires 
that  considerable effort  to be expanded to u nderstand their impact, 
movemen t and transforma tion in the ecosystem. 
Pest icides can be defined as substances that  ki l l  or con trol some 
unwanted organisms such as insects, fungi, u ndesirable  plan ts,  
rodents (rats  and mice) mi tes or nematodes (Chau and Lee, 1 982) . 
Therefore, according to the in tended targets, pesticides can be more 
accurately classified in to the following groups, namely insecticides, 
fungicides,  herbicides, rodenticides, mi t icides and nematocides. 
The first three classes of pesticides are the mos t  widely used.  
(2) 
1.1.2. Types and properties of pe sticide s: 
Pesticides belong to many classes of organic compounds. These are: 
0) Organochlorines (chlorina ted hydrocarbons) which are resistant 
to hydrolysis and those that undergo photochemical reaction to 
form compounds wi th persistence comparable to or greater than 
their parent  compounds (Oloffs et al. , 1 972; Goring et al; . ,  1 975 and 
Freeman et al. ,  1 975) .  ( i i )  Organophospha tes (phosphorothionates, 
phosphorothiola tes and phosphorod i th ioa tes) which are much 
soluble in  w a ter  and are less l ikel y to accumula te in biological 
t issue (Georgacakis and Khan, 1 971 ) ,  ( i i i) Carbama tes which are 
deriva t ives of carbamic acid (fungicides). Those compounds are 
r e l a t i v e l y  e a s i l y  h y d ro l i ze d  a n d  are  n o t  co ns idered a n  
e n  v i r o n m e n  t a l  prob l e m  d u e  to  t he i r  l o w  pers i s t e nce ,  
( iv )  Phenoxya l kanoic  aci d der i v a ti ves (herbic i des) which a re 
biological ly  not s table and undergo hydrolysis to yield the parent  
ac id  and photochemical ly  are not  s table, e .g . ,  roadsides and 
electrical  transmission l ines (Zepp et al. ,  1 975; Pionke and Chesters, 
1973), (v) Subst i tu ted ureas which are the common class of biocides 
a n d  are  m odera te ly  uns t able,  undergoing dea lky la t ion a n d  
dearyla tion fairly readi ly (Dal ton et al., 1 966 and Smi th & Sheets, 
1 96 7 )  a n d  ( v i )  T r i a z i n es w h i ch a re  b i o l o gi c a l l y  a n d  
photochemical ly u nstable with considerable persis tence (Benyon et 
al., 1 972 and M uir & Baker, 1976) . 
1.1.3. Transport and movement of pesticide s: 
Pesticides en ter the wa ter from various sources. Edwards (1 973) 
reports major sources to include (i) run-off from agricul tural lands, 
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Fig. 1.1 The dynamic  movemen t of the pest ic ides in  the aquat ic  
e n v i ronme n t .  
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( i i )  d i rect entry from spray opera tions, ( i i i )  industrial  effl uents, 
( iv )  sewage effl uen ts, (v) spray ing of cat tle and (v i )  dus t and 
r a i n fa l l .  I n  w a ter,  the  res i d ues and  their  d egrada t ion or 
t ransformat ion  produ cts  are d is tr ibu ted be tween the t ru ly  
d issolved form and those incorpora ted i n to sedimen ts, ben thic 
inver tebrates, aqua t i c  p lants, p lankton, aqu a t i c  inver tebra tes, 
suspend d detri tus and fish . 
Fig. 1 . 1 .  shows the dynamic movement of pesticides in the aquatic 
env ironment which is  only a part  of the more comprehensi ve 
scheme d escr ib ing the movement  of a pes t ic ide  be t ween 
environmental compartments (Edwards, 1 973) .  In a practical sense, 
the presence of pesticide in wa ter, a tmosphere and sediments are 
the major fac tors determining their mobil izat ion and a vailabi l i ty 
(Edwards, 1973) . 
1.1.4. Accumulation and degradation of pesticides: 
The major concern regarding pesticides in aquat ic ecosystems is  
their  accumula tion which is  defined as the "amoun t  of pest icide 
res i d u e  a ccu m u l a ted  by a n  organism by a dsorption and,  by 
absorption v i a  oral or o ther rou te of entry which resul ts in an 
increased concentration of the pesticide by the organism or specific 
t issues" as reported by Benevenue (1 976) . Biological  accumulation, 
b i o l o g i c a l  co n ce n t r a t i o n ,  b i o l o g i c a l  a m p l i fi ca t i o n  a n d  
e n v i ro n m e n t a l  m a g n i fi c a t io n  a re  o ther  te rms used  for 
a ccumula tion of pest icides (Edward, 1 973) .  These processes are 
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con trol led by vola t i l i ty ,  pol ari ty,  par t i t ioning and sol ubi l i ty 
(Kenaga, 1 975) .  
Mechanisms of bioaccumulation of  pesticides were considered to 
a c t  o n l y  v i a  food cha in  in a q u a t i c  ecosystems.  Pl ankton 
accumulated pesticides from wa ter, which, were then transferred to 
invertebra tes and fish by d i rect ingestion of the plankton followed 
by cons ump tion of such fish and invertebrates by higher order 
carn i vores such as f ish,  mar ine mammals,  bi rds of human 
(Edward, 1 973) . However, Borthwick et aI ( 1 973) reported that  algae 
contain higher concen tra tions of pesticides than organisms that are 
higher in food chain .  Therefore, bioaccumulation of pesticides via 
food chain transfer may explain the accumulation phenomenon. 
The bioconcentration kinetics of Chlorpyrifos in guppies were also 
inves tigated (Welling & De Vries, 1 992). The amount absorbed was 
calcula ted from the different  ra tes of the wa ter phase in aquarium 
wi th and wi thou t fish.  The up take ra te was found to be first-order 
wi th  respect to the exposure concentration. The el iminat ion ra te 
was fi rs t  order, wi th respect to the concentra tion in  fish and 
sl ight ly  dependen t  on the length of  the pr-exposure period. The 
h a l f- l i fe of t issue Chlorpyrifos var ied from 3 1 -38 hr and  the 
m e tabol ic  breakdown was the only pathway for e l imina t ion . 
A t w o-compon e n t  m o d e l  is  proposed t o  descr ibe the  
bioconcen tra t ion process. 
Degrada tion of pesticides may occur by ei ther chemical or biological 
processes or by accumula tion, oxida tion, red uction, hydrolysis, 
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nucleophi l ic  reactions, reactions involving isomeriza tion, in ternal 
cycl iza t ion and el imina tion (Matsumura, 1 973 and Paris & Lewis , 
1 973) . Aquatic organisms such as fish can also degrade pesticides by 
means o f  b ioche mica l  processes res u l t ing  from ox ida t ion,  
hydrolysis and reduction (Edwards, 1 973) . Pest icides may also 
degrade in  the w a ter  column .  Ed wards, 1 973 has shown that  
persis tence of pesticide compounds in water is  a function of several 
environmental  factors including sol ubil i ty, temperature, pH and 
oxygen cond i t ions.  Hi l l  and McCa r ty  ( 1 967) found tha t  mos t  
organochl or ines degrade u nder an aerobic con d i t i ons except  
heptachlor epoxide and dieldrin which are persistent .  In terms of 
ease of degradat ion, l igands was found to be the most degradable 
fol lowed by heptachlor, Endrin,  DDT, TOE, Aldrin, Heptachlor 
epoxide and Dieldrin in decreasing order (Chau et al., 1 982) . 
Degrada t ion obviously depends upon the na ture of the aquat ic 
system investigated. The organophosphorus Chlorpyrifos pesticide 
added to fresh water at a concentra tion of 200 Ilg L-l decomposed 
after 7 days only to 6 Ilg L-l in wa ter and appeared to have entered 
the pond sedimen t (Hurlbert  et al., 1 970) . Therefore, degradat ion 
processes and translocations of pest icides are infl uenced by many 
factors, e .g .  (i) the amou n t  and type of humic substances present, 
( i i )  chemical  react ions between herbicides and organic mat ter and 
(i i i )  in teractions wi th sediments and plants .  
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1.1.5. Toxicology of pesticide s: 
D u r i n g  the  pas t  25 years i t  has  become appare n t  t h a t  
environmen tal  risk assessment cannot be based o n  acute toxicity 
data.  There is a range of subtle chronic effects on aquatic organisms 
which may be associa ted with low doses of pesticides ranging from 
behavioral  a berra t ions to m u tagenesis, and  carcinogenesis, or 
associa ted wi th  accumulat ion of residues to levels undesirable to 
the consumer. The acute toxicity of pesticides to fresh water are 
expressed in  terms of the median le thal  concentra tion ( LCSO) or 
m e d i an effe c t i v e  conce n t ra t ion  (ECso) . The median le tha l  
concentrat ion ( LCSO) and median effect ive concentra tion (ECSO) of  
Chlorpyrifos to fresh water invertebra tes have been reported by 
Barron & W ood burn, 1 995. 
The mode of action of various types of pesticides on target pests has 
been  extensively reviewed by Kohn, 1 974 and Matsumura, 1 975) . 
The effects of pesticides on nontarget organisms are the main tasks 
of the environmental agencies and to identify the effect of each of 
the chemical compounds (Mayer & H amelink, 1 977) . 
The acute toxici ty of Chlorpyrifos has been evaluated in a variety of 
fresh wa ter, sal t  water inverlebrales wild mammals, fish, repti les, 
amphibians and birds species (Barron & Wood burn, 1 995). The 
acute toxici ty ( LCSO or ECso) of Chlorpyrifos to aquatic  invertebrates 
ranges form 0 .001  Ilg L- l in several species to 1 2,000 Ilg L-l in a 
rot i fer  (Snel l  et ai., 1 991 ) .  Acu te toxici ty of Chlorpyrifos to the 
majori ty of aquatic inver tebrates ranges between 0.1 and 10 Ilg L-l 
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(Barron & Wod dburn, 1 975) . The acute toxici ty of Chlorpyrifos to 
aquatic in vertebra tes has also been investigated in pulse exposures 
and in sediment tests (Key & Ful ton, 1 993) .  Exposed grass shrimp 
to 6 hr pulse exposures of Chlorpyrifos on days 0, 5, 1 0  and 1 5  of a 
25-days study was invest iga ted by Key and Ful ton ( 1 993) . LCSO s 
decreased from 0.94 �g L-l (days 25). 
S tudies of the chronic toxici ty of Chlorpyrifos to microorganisms 
have included evalua lions of popula tion densi ty  and functional 
parameters (Barron & Woddburn, 1 995) . Lowest observed effect 
concentration (LOECs) reported for aqua tic microorganisms range 
from 1 000 �g / L  to grea ter than 1 000,000 � g / L .  The EC50 of 
Ch lorpyr i fos to photobacter iam phosphoreum assayed in  the 
Micro tox system was 46,000 �g/ L, whereas the EC50 of the 
degrada tion prod uct  of Chlorpyrifos 3, 5,  6- trichloro-2-pyridinol 
(TCP) was 1 8,600 �g L- l . These resul ts sugges t  that bacteria are 
among the most resis tan t  species to Chlorpyrifos. The chronic  
toxic i ty of Chlorpyrifos to  aquatic invertebrates has been evaluated 
primaril  y from effects on rep rod uction of two sensi ti ve species: the 
fresh water  daphnia daphnia magna and the sa l t  water mysid 
(Barron & Woddburn, 1 995) .  
1.1.6. Monitoring of pe stici des: 
The use of s imulation models to describe chemical behaviour in 
aqua t ic  environments is a technique which holds great promise, 
s ince i t  provides a method of combin ing quant i t a t i ve and 
qua l i t a t ive in format ion to ob tain a predict ive and descr ipt ive 
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d 
scenario of the pes ticide behaviour .  Such models may enable 
researchers to  predict the environmental  dynamics of pest icides 
and hence the d uration of associa ted problems. The development 
of sound moni toring analy tical program in order to process the 
range of samples, e.g. surface waters, sediments, biological t issues 
of many sorts air, soil,  ground water is of grea t importance to give 
rel iable  a nswers abou t  the ma terial  found in  the environment .  
These developments wil l  be general, for investiga t ive moni toring 
and compoun d  specific, for rou tine survei l lance .  Together wi th 
such i nforma tion,  s u rve i l l ance da ta  on env i ronmen ta l  levels 
should  be incorpora ted in to practical models designed to answer 
the following questions: the qual i tat ive, the quanti tat ive aspects of 
pesticides de termina tion as well as their l ife time. 
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1 .2. Sequences for Pesticide Residue Analysis 
1.2.1. Sam pl ing, sample handling, storage and pre servation: 
Sampl ing is  a cri t ica l  ac t iv i ty  for generat ion of va l id  da ta .  
A practical approach as  a part of  a quality assurances program i s  to 
deve lop a n d  per iod ica l l y  u p d a te sampl i ng gu ide l i nes and 
procedures based on in-house investigation and i nput  from fie ld 
and laboratory personnel (Chau et  al., 1 982) .  Once the samples are 
proper ly  col lec ted i n  s u i table con t a i ne rs, they sho u l d  be 
immed i a te ly  transpor ted to the l abora tory for a na l ysis after 
i m media te add i t ion of preserva t ives .  Sample to be a nalyzed 
usual ly requ ires some process lo render it in to a proper form for 
ex tra ct ion, e .g . ,  ( i )  for p lant  or animal  material ,  i t  is usual ly  
chopped, ground, or blended to facil i ta te extraction and for a large 
sample size to provide  a homogeneous sample so tha t  a sub­
sample can be used for extraction, ( i i) for water samples, extraction 
is performed as the same or wi th a sa l t  added to facil i tate extraction 
and ( i i i )  sed imen t samples are mixed, sieved, dried, grou nd or 
b lended before extract ion . H owever, the sample processing 
proce d u res chosen depe n d  on  the sample mat r ix  a nd the 
parameters to be analyzed .  
1.2.2. Preconcentrati on , isolation and extraction of pe sticides: 
The pest icide sample cannot be ana lyzed directly for pes ticide 
residues.  Thus, extraction of pest icide is required to isolate the 
target con tamina tes from the sample m a tr ix .  E xtract ion in 
pes t icide res idue analysis a l ways resul t  in solu tion of pest icide 
[1 1 1 
residues and sample - co-extracli ves. Exlraction is preferably done 
as soon as the sample is collected to avoid any possible degradation 
of pesticides during storage. The commonly used preconcentra tion 
tech niques in pest icide residue analysis are sol ven t l iquid-l iquid 
extract ion,  a dsorption of pest ici des on columns consis t ing of 
charcoal, XAD resins or polyurethane foams (El-Shahawi, 1 997 and 
E l-Shaha wi and Aldhaheri, 1 995) followed by desorption wi th a 
su i table solvent are the most common techniques. A varie ty  of 
other exlract ion methods including blend ing, shaking, u l trasonic  
and  Soxhlet extraction have  been used and shown to  be  effective 
on spiked or fortified sol id  sam ples. However, the selection of the 
most sui table extraction proced ure for pesticides is dicta ted by the 
sample type and extraclion me thod efficiency. For wa ter samples 
of 1 L or less, extraction can be effected by shaking in a separatory 
funnel with a sui table organic solvent .  
1.2.3. Cleanup of  pesticides: 
Cleanup i s  a term used i n  pes t icide res i d ue analysis for the 
isola tion of the target pesticide from in terfering co-extractives. The 
exten t of cleanup requ ired prior to final determination depends on 
the sample type and the selectivi ty of both the extraction procedure 
and the method of determina tion. However, no single universal 
procedure for c leanup is  su i table for all types of sample or 
pes t i c ides (Chau et al . ,  1 982) .  The commonly used cleanup 
techn iques in pest ic ide res idue  ana lysis are :  ( i) l iqu id- l iqu id  
part i t ioning, ( i i )  l iquid-solid chroma tography (column cleanup) 
employing the most extensi vel y sol id adsorbents, e .g . ,  a lumina, 
(12) 
s i l i ca ge l  a n d  Flor i s i l ,  ( i i i ) t h i n  l ayer  chroma tography,  
( iv )  chemical  clean up employing ac id  (strong mineral acid) or 
alkal ine (strong alkal i  hydroxide, e .g . ,  NaOH) cleanup procedures 
for only  inert  pest icides, (v) sweep co-dis t i l la t ion and (v i )  gel 
permea tion chroma togra ph y. 
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1.3. Preconcentration and Analysis of Pesticides 
It has been s ta ted that every phase of environmental protection 
con trol depends on the abi l i ty to identify and accurately measure 
specif ic  pol l u tan ts in  the env ironment, i .e .  wi tho u t  re l iable 
measuremen ts hea l th  effects and rela te them to levels of pollu tion. 
Therefore, qua l i ty control ac t iv i t ies are the most importan t  and 
essential  tools to insure the rel iabi l i ty of analytical  da ta .  
Chroma tographic, t i trime tric, photometric and spectrophotometric 
tech niques are most impor tan t  and widely  used for rou t ine 
ana lysis  of  pes t ic ide res idue (U lakhovich & Budni kov,  1 992) . 
W robez-Zasada et al. (1 996) repor ted a simple and accura te method 
for the spectrophotometric determina tion of azinphos pesti cides in 
formula tion.  The method in vol ves applicat ion of zero-crossi ng 
technique and firs t deriva tive spectrophotometric procedure wi th 
t h e  a i d  o f  i n te rna l  s t a n d a r d  for t he spectrophotomet r i c  
d e termina tion of  mixture o f  azinophos pesticides. A new solid­
phase extraction procedure employing polyurethane foam column 
has been tes ted for the preconcentra t ion of traces of carbaryl 
pest icides (50-400 ppb) present in water (Rathor et al . , 1 995) . The 
poly u rethane foam p lug  was ex tracted w i th chloroform, the 
solven t  was evaporated and the sol id  residue  was determined 
spectrophotometrical ly .  The recovery percentage was 73-98% of the 
tes ted pesticides in deep well wa ter, river water, rain water and 
d ist i l led water. 
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Mathew et al . ( 1 995) reported a sample spectrophotometric method 
for t h e  d e term i n a t ion of carbyl  in so i l s  and  insec t ic ide  
formula tions. The proposed method was based upon the coupling 
of carbyl w i t h  d iazo lized 2-aminonaphthalenesu l fonic acid in  
a lka l ine sol u t ion to  form an azo-d ye which has a maximum 
absorbance at  490 nm.  The method suffers no in terference from 
phenol ,  1 -naph thol  a n d  o ther  carbama tes .  The fungic ide 
fubridazole residue was determined by Sanchez & Gallardo ( 1 994) . 
A de tect ion l imi t  of 0 .08 ng ml- 1 and RSD of 2.3% were the most 
a n a l y ti ca l  specifi ca t ion offered by the metho d .  A k ine t ic  
s p e c t ro p h o t o m e t r i c  p ro ce d  u re was  d e ve l o p e d  for  the  
determinat ion of propoxur, carbyl, eth iofencarb and formetana te 
(Garcia et al . ,  1 995) . 
Diaz et al . ( 1 995) reported a ccura te  spectrofl uorime tr ic  and 
enzyma tic methods for the determinat ion of  Chlorpyrifos in apples 
based on the i nhibi t ion of the ace ty lcholinesterase enzyme. The 
me thod employs a non-fl uorescent synthet ic enzyme to yield a 
highly fl uorescent  product .  The method was employed for the 
analysis of Chlorpyrifos added to apple with recoveries ranged 
between 9 1 -1 07% . The de tection l imi t  and the relat ive standard 
devia t ion of the method were fou nd equal 1 3 .88 IlM and 7 . 1  %, 
respect i  vel y .  Simul taneous de termina t ion of d i  thiocarbamates by 
capi l l a ry electrophores is wi th  diode array detect ion and using 
factor analysis was recently reported by Lee et al . ( 1 997) . Bu tyl-, 
d ie thyl -octyl -, dimethyl  and pyrrol idine-l-d i th iocarbamates were 
simul taneously determined by capillary electrophoresis wi th diode 
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array delection. These compounds gave l inear calibration graphs 
up to 50 )lg ml-1 with de tection l imits in the range 0 .1 -1 )lg ml-l . 
Galera et a/ . ( 1 994) reported an accurate method for the analysis of 
the binary mixture of a trazine a nd first deriva tive  of the rat io 
spectra of Chlorpyrifos . Calibration graphs were linear up to 1 5  )lg 
m l -1 of Chlorpyrifos. The method has been applied to determine 
p e s t i c i d e  form u l a t ions ,  in so i l s  a n d  w a ters . A fas t 
spectrophotometric determination procedure was described (Khalaf 
et a/ . ,  1 996), the method was based on the reaction between 
p-aminophenol and the phenolic compounds obtained from the 
pesticides after hydrolysis. The partial  leas t-squares treatment of 
the spectrophotometry k i net ic  d a ta prov ides a s imul taneous 
d e t e r m i n a  t ion of  three carbama te pes t i c i des .  F luor imetr ic  
determina tion of aroma tic pesticides i n  technical formulations was 
reported by Coly and Aaron ( 1994) . The l imi t  of detection ranged 
from 0 .03 to 20 ng ml- l . The rela t ive  standard devia tions were 
between 5.5 and 6 . 1  % and the mean recoveries ranged from 86 to 
1 1 6 % .  
Garcia et a/. 1 996 reported a part ial-leas t squares regression and 
der i  va ti ve spectrophotometry proced ure for the a nalysis of the 
act ive components in  insecticide formula tions using diode-array 
spectrophotometer as chroma tographic detector. An IR fibre optic 
sensor h as been developed for the in situ moni toring of 
chlor ina ted hydrocarbons and pes t icides in  wa ter (Walsh et a/., 
1 996) . The method provides a good performance down to single 
ppm levels and the technique  can be applied to mul t i-analy te 
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sam ples. The analysis of carbyl pesticide in  poll uted water by 
m i ce l l a , stab i l ized  room temperature p hosphorescence with 
sodium sulph ite as seavenger. The analytical curve of carbaryl 
gives a l i near d ynamic range of 2x1 0-7 - 6x1 0-s mol / L  and a 
detection l imit of 2x1 0-7 mol l L. 
Recently, Cel ichowski et al. 1 995 reported a convenient titrimetric 
method for the anal ysis of dithiocarbamate pesticides in  natural 
w ater. The method presented for the determination of zinc and 
lead d ial kydithiocarbamates in  the presence of tetraalkylthiuram 
d isulphides is based on thiomercu rimetric titration . Zinc, lead 
d ia lky l d i th iocarabamates were determined by titration w ith 
p-d i m eth y l a m i n o p h e n y l mercu ry( I I )  a ceta te wi th M ich ler ' s  
th ioketone as  i n d i cator .  The  method was  s i m pl e, rap id ,  
reprodu cible and  accurate and samples do  not require separation or 
other prel iminary stages prior to their analysis of dithiocarbamates 
in fungicides, rubber and plastic formulations. 
G as chromatography is  the most important and  widely  used 
i nstrument for routine pesticide residue analysis (Afghan et  al., 
1 982) .  Lee and Wong ( 1 995) reported a rapid method for the 
analysis of five fungicide residues in cucumbers after an automated 
gel permeation chromatographic cleanup by GC with nitrogen­
phosphorus detection . The mean recoveries ranged from 87.9% to 
96 .5% .  Carbaryl and its hydrolysis prod uct, I-naphthol, were 
determined simultaneously and in a mixture of other pesticides by 
reversed-phase high performance l iquid chromatography. 
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Fluorometric detection affords a high degree of select iv i ty than 
absorbance detection while providing detection l imits of LOng ml- I 
and 1 .4 ng ml-I for 1 -naphthol and carbaryl, respectively (Massey et 
al., 1 995) . Residual  organophosphorus pes ticides in foods were 
determined by accelera ted solvent extraction (ASE), gel permeation 
chroma tography and GC-FPD (Obana et al., 1 997) . Wet samples 
were de termined by the proposed method after mix ing wi th 
extre l u t  dry ing agen t .  The a verage recover ies of the tested 
pesticides were 80-90% and the precision was < 1 0%.  
An i mproved and sensi t ive gas chromatographic method has been 
establ ished for the determina tion of some d ia lkyl th iophosphates 
(Lin et ai., 1 995) . The detection l imi ts (signal to noise ra t io of s) 
were in the range 8.3 - 5 .6  nM, respectively.  The method was 
applied for the analysis of the thiophospha tes spiked in plasma 
after simple u l trafi l trat ion (Lin et ai., 1 995) .  Okumura et aI. ( 1995) 
reported an accu rate me thod for the determina tion of some 
carbama te pes t i ci des in w a ter  and  sed im en t  samples .  The 
carbama tes were determined at levels of 0.05-1 .00 ng ml-1 in water 
w i th rel a t ive  s tandard deviat ions of 2 .6-22.6% and 1 0  ng g- l in 
se d i m e n t  w i th 5 . 0-20 .3% rel a t i v e  s ta ndard  dev ia t ion . The 
de tection l imi ts of the tested carbama tes in water and sediment 
were 0 .014-0. 1 8  ng ml-I . Microextraction and gas chromatography -
m ass s pec t romet ry  were repor t e d  for the  s i m u l t a neous  
determina t ion of 60 pest ic ides in con taminated groundwater 
sample and a con taminated soi l  sample (Boyd-boland et aI., 1 996) . 
Polyacryla te and pol ydimethylsi loxane coa ted fibers are u sed to 
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extract the analytes from the samples over the concentra tion range 
0 . 1 - 1 00 Ilg L- l . 
Bauerle et al. 1 995 reported an application of selected ejection 
isobu tane chemical  ioniza tion for the determina tion of pyrethroid 
insecticides by ion trap GC-MS-MS. A detection limit of 5 ppb was 
achieved i n  the de termina tion of a trazine in  run-off water  from 
a g r i cu l t u ra l  a re a s .  E x t ra c t ion  a n d  preconcen tra t ion  are  
accompl ished wi th a column of macroret icular  resin.  Separa tion 
and quantifica tion of the tested atrazine pesticides were performed 
by high performance l iquid chroma tography wi th a microparticle 
reverse phase column, good l i near ly in the range 0-1 20 ppb was 
obtained.  
Agost iano et al. 1 983 reported the application of Tenax for the 
preconcentra tion and recovery of some pes t icides (chlorina ted, 
phosphorated,  ca rba ma tes and carbona tes) and o ther organic  
toxicants i n  water a t  0 . 1 ppb level .  Revela tion and quant i tati ve 
ana lysis were performed by gas chroma togra phy and H PTLC. 
Tenax was found the most  su i table ma teria l  in comparison wi th 
other adsorbents. The re tention of 30 commercia l  pesticides on a 
porous graphi tized carbon column using dioxane and w a ter 
mixtures as e luents was recently reported by Forgacs & Tibor 1 995. 
The re ten t ion capaci ty of the  tested pes t ic ides s ignifican t ly  
depended both  on the i r  l ipophi l ic i ty  and specific hydrophobic 
surface area determined by reversed phase thin layer.  Analysis of 
the tested pesticides revealed that the hydrophi l icity parameters of 
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the  tes ted species influence their  reten tion behaviour on the 
porous graphi tized carbon column (Forgacs & Tibor, 1 995) . 
The electroanalytica l  me thods polarography and vol tammetry are 
being used w i th i ncreasing frequency for the de terminat ion of 
pes t ic ides  ( U l akhovich & B u dnikov,  1 992) . The ana lyt ica l  
possibi l i ties of vol tammetry for the determination of phosphorus 
a n d  su lphur  con ta in ing pes t ic ides have been presen ted .  The 
determina tion of res idual  amoun ts of pesticides l ies ou tside the 
scope of the direct-cu rrent  polarography, however, polarographs 
wi th  pulsed or a l terna ting-current recording of the analytical signal 
at hanging-drop mercury indica tor, most of pesticides can be 
determined.  
Prabhu & Manisankar ( 1 994) reported an accura te method for the 
d e termina t ion of endosulfan by s tr ipping vol tamme try.  The 
elec troreduct ion and adsorption of endosulfa n  was s tudied in 
aqueous and ace ton i tr i le media . Differen tial-pulse and square­
wave  str ipping vol tammetric techniques at a s ta tionary glassy 
carbon electrode was used for the analysis of endosu lfan in soil 
samples (Prabh u & Manisankar,  1 994) .  A DC pol arographic 
redu ct ion wave at - 1 .30 V (SCE) was used for the ana lysis of 
a lachlor. The data of polarographic, coulometric and preparative 
e lectrolysis measurements were found consis tent wi th a reductive 
cleavage reaction mechanism (Carrai et al., 1 992) . The peak current 
i s  p ro p o r t i o n a l  t o  t h e  conce n  t r a  t i o n  o v e r  t h e  r a n ge 
1 x 1 0-7- 1 x 1 x 1 0-5 M .  A polarographic s tudy of the reduction of the 
herbicide simazine in micellar  sol u tions and oil-water emulsions 
[20) 
was reported by Gal vez et al . ( 1 993) . Using OPP, simazine was 
determi ned over the concen tra t ion ranges 8 .0x 1 0-5 - 4 .0x1 0- 5 
mol L- l . The l imi t  of de tection was 2 .2x 1 0-7 mol L- l and the 
method was applied to the determination of simazine in spiked 
i rriga tion wa ter wi th good recoveries (Galvez et al . , 1 993) . 
M azzei et al. ( 1 995) reported an inexpensi ve procedure for the 
de terminat ion of a trazine in environmental  samples and in the 
risk. Sensi t ive me thods for the determina tion of the herbicides 
methoprotyne and terbu tryne a t  nonomol ar levels by adsorptive 
str ipping vol tammetry at  a hanging mercury drop electrode were 
reported by Pedero et al. ( 1 993). The working medium chosen was 
0 . 1  mol 1- 1 perchloric acid, accumulat ion potent ial  of -0.70 V and 
- 1 80 s a ccumula t ion t ime were used .  The de tection l imi ts of 
terbu tryne and me thoprotryne were 5 .2xl 0-1 0  and 2.4x1 0-9 mol L-1 , 
respe c t i  ve l  y ( Pedero et al. , 1 993) . A  carbon paste  e lec t rode 
chemically modi fied wi th Amberl i te XAO-2 resin was used for the 
d e termina t ion of para que t by ca thodic s tr ipping vol tamme try 
(Al verez et al. , 1 992) .  The proposed procedure exhibi ted good 
l ineari ty for paraquet concentra tion lower than 1 .08 )l ml-1 wi th a 
detect ion of 0 . 1 0  Ilg ml- 1 . The method was employed for the 
anal ysis of paraquet in ri ver water. 
The si m u l taneous de termin a t ion of the b inary m i x tures of 
heptachlor-endosulfan sulpha te, endosul fan-endosulfan sulphate, 
d i e l d r i nendo-s ul fan and  d ie ldr in-endosulfan su lpha te were 
successful ly  analyzed by differen tial pulse polarographic (Reviejo 
et al . , 1 992) .  The endosu l fan-endosulfan phospha te pair was 
[21 ] 
de termined by al lowing the mixture to hydrolyse a t  pH 1 1 . 0. The 
lower de tect ion l imi  ts obta ined were:  endosulfan-endosulfa n  
sulphate mixture, 4 .0x 1 0-6 a n d  1 .0x1 0-6 M, respect ively; heptachlor­
endosulfa n  sulpha te mixture, 2 . 0x 1 0-6 M for endosulfa nsulpha te 
(Reviejo et aI., 1 992) . Walcarius & Lamberts ( 1 996) reported a rapid, 
sensi t ive method for the determinat ion of paraquet and diquet in 
aqueous media using square wave vol tammetry in foodstuffs after 
d iges t ion in ho t sulphuric acid, neu tral iza t ion and sol id phase 
extract ion.  The detection l imi t  has been found to be l )lg g- l for 
both pest icides. 
Pri v m a n  et al 1 994 reported a sensi t ive a dsorpt ive s tripping 
d i fferen t ial  pulse vol tammetric method for the de terminat ion of 
prome trine in  soi l and water .  The rela tionship between ip and 
prome trine concentra tion was l inear in the range 1 x1 0-B_ 1 1 x1 0-7 M .  
The rel a ti ve standard deviation was 6 .5% for n = 5 determinations 
of prometrine in water and 3 . 1  % for prometrine determina tion in 
soi l .  Ad isposal  mu l t ichannel immunochemical sensor based on 
the electrochemical transducer was reported for the determina tion 
of 2,4-dichloro-phenoxyacetic acid in water was 0 . 1  )lg 1 -1 . The 
m u l t ichannel sensor was potent ia l ly  sui table for the analysis of 
several samples and standards using one biorecogni tion system. 
A new method for the simple and inexpensive determina tion of 
a trazine was reported by Mazzei et al . ,  1 995 .  The method was 
based on the use of a novel, part ia l ly d isposable, p lant  t issue 
bioelectrode which was found sens i t ive to a variety of non-and 
polyphenols . The concen tra tion of a trazine in aqueous samples 
was accurately determined.  The method was found sui table for the 
[22J 
analysis of a trazine in environmental and risk areas (Mazzei et al ., 
1 995). C lassical DC-polarography and fas t scan differential  pulse 
vol  t ammetry  (FSDPV) were appl ied for the a na lys is  of f ive 
n i t ropes t ic ides C tr i flu ra l ine, pendimethal in,  bromofenoxim and 
fluoroglycofenethyl) a t  a dropping mercury e lectrode and a t  a static 
mercury drop elec trode. The de tect ion l i m i t  were fou nd both 
experimental ly and calculated from regression. The ni tropest ici des 
i n  ar t i fic ia l ly  con tamina ted soi ls  were determined after two or 
t h ree t i mes e x trac t ion w i th a ce tone and the recovery was 
about  96%. 
[23) 
1 .4 Aim of the Present Work 
Recently ,  there have been an increasing number of xenobiotic 
materials entering our environment.  Many of them are hazardous 
to human health and to the ecosystem. Pesticides represent  a class 
o f  m a n - m a d e  e n v i ronmenta l  pol l u ta n ts which a lso occur 
natural ly i n  the environment. The presence of these poll u tants in 
the indus trial  and agricul tural waste waters often represents a r isk 
to the environment and cause several hea l th problems to animal 
and human beings .  I ndeed, the problem of env i ronmenta l  
protection and pol lu tion con trol has become one of modern man's 
preoccu pa tions. 
One prerequis i te for decision making environmen tal protection 
and pol lu tion control is the abi l i ty to identify and measure these 
xenobiotic material in our ecosystem. In fact, nearly every phase of 
env ironmenta l  protection and pol lu tion con trol depends u pon 
ana ly tical  da ta .  However, it is not  sufficien t to generate data .  
These da ta  mus t  be rel iable and truly represen t the si tua tion.  
Therefore, an e ffect ive qua l i ty assurance program is needed to 
ensure the rel iabil i ty  of data .  Sui table analyt ical  methodology is 
the firs t consideration in an effective qual i ty assurance program for 
the generation of reliable data.  
Chlorpy rifos is  a member of the organophosphorus cl ass of 
insecticides. This class of insecticides has become one of the most 
w i d e l y  u n d e r  groups o f  pes t con trol  chemi ca ls .  Ear ly  
organophosphorus compounds tha t  were found to  be  efficacious 
for i n se c t  con t rol  a n d  thus  brought  in to  w idespread u se,  
[24 J 
e.g .  Chlorpyrifos, Para thion and Malathion. The broad-spectrum 
insecticidal  properties of Chlorpyrifos indica ted that it possessed 
substantial  commercial potential  to use agains t a wide variety of 
i mpor tan t  a r thropod pest v ia  a n u mber of commercial ized 
products .  Therefore, i t  is  employed in  a w i de var ie ty  of 
agr icu l t u ra l  and specia l l y  pest  control scenarious and other 
ar thropod pes ts threatening production of fiber and maintenance 
of human hea l th .  
Chlorpyrifos is  a degradable compound and both abiotic and biotic 
t r a nsforma t i o n  processes a ffe c t  i t s  d e g r a d a  t i o n  w i  t h i n  
e n  v i ro n m e n t a l  com p a r t m e n t s .  T h e  m ajor  p a t h w a y  of  
transforma tion involves cleavage of the phosphate ester bond to 
fo r m  3 ,S ,6 - t r i c h loro-2-p y r i d i n o l  (TC P ) .  S o i l  a n d  w a ter  
microorganisms are able to metabol ize Chlorpyrifos to  some degree 
a n d  i n  cer ta in  e n v ironmenta l  compartmen ts may con t ribu te 
significantly to the dissipation of Chlorpyrifos. 
So far, spectrophotometric and chroma tographic techniques have 
been the most widely used for the determina tion of Chlorpyrifos. 
To o u r  knowledge, no e lectroana ly t ica l me thods have been 
described for the determina tion of Chlorpyrifos. Thus, the main 
objective of the proposed work was focused on developing simple 
a n d  con venient  e lectroana ly t ica l  me thods for the anal ysis of  
Chlorpyr i fos in  d i fferen t  sam ples, e .g .  t reated was te wa ter, 
u nderground and tapewa ter, in pesticidal formulations and plan ts 
a t  a very low concentra tion range of 1 0-8 to 1 0-6 M wi thou t any 
preconcen tra tion s tep. Differential  pulse polarography (DPP) and 
d i fferen t ia l  pu lse cathodic  adsorp t ive s tr ipping vol tammetry 
[25) 
(OPCASV) a t  a mercury drop elec trode (MOE) and a t  a hanging 
mercury dropping electrode ( HMOE), respectively were cri t ically 
employed in the proposed work. The effect of different interfering 
cations and anions and other pesticides which are general ly  present 
in  the tes ted matrixes (wa ter, plants and pesticidal formulations) 
on the determination of Chlorpyrifos were studied. 
( 26) 
CHAPTER II  
Experimen tal 
2.1.  Reagents a n d  Materials 
(A) Sol u tions of  pesticide: 
All chemica ls  u sed were of  ana ly t i ca l  reagent  grade.  The 
compound u nder investigation is Chlorpyrifos [0,0-die thyl-o-(3,S,6-
trichloro-2-pyridyl)phosphoro thioate ] .  The s tructure of the tested 
pesticide is given in Fig. 2. 1 .  
C l  
Cl  
Fig. 2.1. : Structure of Chlorpyrifos. 
Ma la  thion, d ie  th y [ (  d ime thoxyp hosphos-phinothioy 1) thio] bu tane­
d ioate  and d i azinon (0,0-d ie thyl -o-(3-isopropyl-6-methylpyr i ­
m i di ne) phosphoro- thioa te) pes t icides were used to i nvest igate 
their  in terfering effects on the polarographic  and voltammetric 
determination of Chlorpyrifos. 
S tock solu tions l xl 0-3 mol / L  of each compound were prepared in 
ethanol .  A series of standard solu tions of these compounds was 
prepared by d i lut ing their  s tock solu tion wi th e thanol. 
S tock solu tion of 1 x l  0-3 mol / L of commercial  Chlorpyrifos reagen t, 
which was bought  from the market, was prepared in ethanol .  
D i lu te solu t ions were prepared by d i lu t ing their  s tock solu tion 
wi th ethanol .  
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(B)  Bri tton-Robinson (BR) b uffer sol ut ions: 
BR is a uni versal buffer containing the pH range 2-1 1 .  The BR 
buffer was prepared by neu tralizing an acid solu tion mixture (0.08 
mol / L  of  ace t ic, boric  and phosphoric acids) w i th 0 .02 mol / L  
NaO H .  The B R  buffer was brough t t o  constant  ionic s trength by 
addi t ion of 0 . 025 mol / L  NaN03 and adjusted to the desired pH. 
Al l  chemicals were of reagent  grade ( Merk, Darmstadt and BDH) . 
The p H 's of the bu ffer solu t ions were measured wi th  a digi ta l  
radiometer pH-meter, Model PH M64 accurate ± 0.05 pH unit .  
(C) Acid sol u tions: 
S tock solu t ions of 0 . 1  mol / L  of acet ic  acid, sulphuric acid, ni tric 
acid and hydrochloric acid were prepared in double disti l led wa ter. 
Di lute solu tions were prepared by di lu ting the s tock solu tion with 
bi-dis ti l led water to the specific volume. 
(D) Metal salt  sol u t ions: 
Stock solu tions of l xl 0-2 mol / L  of Mg(II) ,  Ca(I I ) ,  Cu(I I ) ,  Zn(II) ,  
Pb(II) ,  Cd( II) and Cr(I l I) were prepared from their analy tical grade 
n i trate sal ts (BDH chemicals) in double dist i l led water. 
-2  _ 
S tock solu t ions of l xl 0-2 mol / L  of sodium salts of SO 4 '  CO, Cl , 
N O;, F' and r were prepared in  double dist i l led water from their 
Merk and BOH chemicals. Solu tions of K2Cr207 and KCI ( 1 x l 0-
2 
mol/ L) were prepared from the Merk Chemicals by d issolving the 
required  weight in a specific volume of double disti l led water .  
( 28) 
Dil u te solu t ions of the above sol u tions were prepared by dilu t ing 
the  stock sol ut ion wi th double d is t i l led water  to the specific 
v o l u m e .  
( E) Sol u t ions of  Chlorpyrifos in some environmental media:  
A series of s tock solu tions of l x l O-3 mol / L  of Chlorpyrifos were 
prepared by dissolv ing the requ ired weight in one l i tre of tap water, 
t rea ted wastewater and underground water containing 1 0% (v /v )  
e thanol . Dil u te solu t ions were prepared by d i lu ting the  s tock 
solu tion by the specific wa ter type con taining 10% e thanol . Also 
1 x1 0-3 mol / L  of solu tions of the commercial Chlorpyrifos reagent 
in  the various type of water were prepared according to the data 
recorded on the commercial  sample. A series of d i lu te solutions of 
the l a ter were also prepared. 
[29] 
2.2. I nstrumentation 
(A) D ifferential p ulse polarographic (DPP)  measurements: 
DPP measurements were carried ou t  using of Metrohm ( Herisau, 
Swi tzer land)  E-506 polarograph coupled w i th i ts 508 mercury 
s tands andl  or  663 VA polarographic s tand.  Differen t ia l  pulse 
polarograms were recorded using a d ropping mercury electrode 
w i th a mercury height  45 cm and drop t ime 1 .4 s .  The pulse 
ampl i tude 50 mY, scan ra te 4 mV I s  and -0.2 V s tar ting potential vs 
SCE, reference e lectrode were the condi t ions used in the most DPP 
measurements .  
( B )  Cycl ic  v ol tammetric measurements: 
A Prince ton Applied Research (PAR) Model 264A polarographic 
and vol tammetr ic  ana lyzer, coupled with a PAR Model 303A 
mercury standard (HMDE) were employed for cyclic vol tammetric 
measurements .  The condi t ions of measurements were hanging 
mercury drop electrode (HM DE) as a working electrode wi th area 
0 .01 2 cm2 versus Ag i AgCI reference electrode and Pt wire counter 
electrode.  A lso, 1 00 mV scan ra te, w i th variable deposi tion t ime 
and start ing potential  were used to i nvestigate the adsorbabil i ty  of 
the tes ted compounds a t  the mercury electrode surface.  The cyclic  
vol tam mograms were recorded on X-Y recorder Model RE0089 
(PAR) . 
[30J 
(C) Cathodic adsorp t ive  stripping vol tammetric measurements: 
C a t h o d i c  a d s o r p t i  v e  s t r i p p i n g v o l t a m m e t r i c  ( C A S Y )  
measuremen ts were carr ied o u t  w i t h  a P A R  Model  264 
vol tamme tric ana lyzer in conj uction w i th a PAR Model 303A 
H M DE and PAR 305 magnetic s ti rrer. In CASY the investigated 
com pound is preconcen t ra te d  i n to a hanging drop mercury 
e lec trode b y  adsorp t ion .  The measure me n t  s tep consi s ts of 
electroly tical ly stripping the deposi ted species back into solution by 
i m posi t ion of a poten t ia l  s tep as a pu lse vol tage ramp. The 
d i fferen t ia l  pulse mode is  used because of i ts correclion for the 
charging curren t and commercial a va i labi l i ty .  The amou n t  of 
invest igated compound accumula ted on the electrode surface in 
addi tion to the variables of sol u lion, concentra tion and pH, is also 
a ffected by o ther variables such as deposi tion t ime, accumula tion 
poten t ia l ,  scan ra te .  Ins trumen t se t t ing for d i ffere n tia l  pulse 
ca thodic  s tr ipping vol tammetry (unless otherwise s ta ted) were : 
scan ra te 1 0  mY /s, pulse amplitude 50 mY, pulsed applied a t  0 .5  s 
in tervals, deposi t ion t ime 30-60 s (wi th s t i rring, unless o therwise 
s t a ted) .  Yol tammograms were recorded on an adva nced X-V 
recorder Model  RE 0089 a f ter au tomated deareat ion of the 
elec trolysed sol ution . 
(31 ) 
2.3. E lectrochemical Cell 
The ce l l  used for the d i ffe r e n t i a l  p u l se po la rographic  
measurements is thermostated Metrohm Cell equipped wi th three 
electrode sys tem. This sys tem contained a dropping mercury 
e lectrode (DME) as  the working electrode, sa turated Calomel 
elec trode (SCE) as the reference electrode and a plat inum wire as a 
counter electrode. All  measurements were performed a t  22 ± 0.5° 
(u nless o therw ise sta ted) . N i t rogen was bubbled through the 
solu tion in the cell  for 20 min to remove oxygen to an undetectable 
level and the corresponding polarograms were recorded. 
A PAR cel l  (Fig.  1)  equipped with hanging mercury drop (working 
electrode), Ag/ AgCI (reference elec trode) and Pt wire (coun ter 
e lec trode) was used for cycl ic  and d i fferent ia l  pulse ca thodic  
s tr ipping vol tammetric measurements .  The area of the  hanging 
mercury electrode was 1 .2x1 0-2 cm2 . Ni trogen was bubbled through 
the solu t ion in the cel l for 1 6  min to remove oxygen a nd the 
corresponding voltammograms were recorded. Also, n i trogen was 
bubbled through the solu tion in the cel l  for 2-3 min after addi tion 
of the sol u t ion of the tes ted compound before recording the 
vol tammetric curves . 
[32 \ 
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Fig. 2.2. : A PAR polarographic and vol tammetric cell .  
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2.4.  Procedures 
2.4.1.  Experimental Proced ures in D i fferent ial  Pulse Polarography (DPP) 
of  Chlorpyrifos: 
2.4.1.1. Effect of pH Oil the DPP determillatioll of Clt lorpyrifos: 
In  a vol tammetric cel l, 7.5 ml  of Bri t ton-Robinson buffers adjusted 
to the required pH (2.4- 1 1 .6) were added followed by a dding 2 .5 ml 
of ethanol .  N i trogen gas was then purged for 1 5  min through the 
cell solu tion and a blank polarogram was then measured at a scan 
rate of 4 mV I s, 50 mV pulse amplitude and at a s tart ing potential  
of Es = -0 .2 V .  0 .5 ml of l x l 0-3 mol / L  Chlorpyrifos was then added 
at each pH solu tion separately. A s tream of purified n i trogen gas 
was t he n  purged through the cel l  for 5 mins  under  s t i rred 
cond i t ions.  The polarogram was then recorded by applying a 
nega tive going poten tial  - 0.2 - 1 .70 Y vs. SCE electrode under the 
above men tioned condi t ions. 
2.4.1 .2.  Effect of acids Oil the determinatioll of Chlorpyrifos: 
The i n fl uence of hyd rochlor ic, ace t ic, n i t ric, s u l phur ic  and  
perchloric acids each separately a t  concentra tions of  l x l 0-2 M on 
the d i fferent ia l  pulse polarography of Chlorpyrifos was cri t ically 
carried out as follows: In  the polarographic cel l, 6 .5 ml  of water 
were m ixed wi th 1 ml of the tes ted acid (HCI, CH3COOH, H2S04, 
H N 03 or HCI04) and 2 .5  ml of absolute ethanol . The solut ion was 
deoxygena ted by purging N2 gas for 1 5  min and the polarogram of 
the blank was then measured at Es = -0 .2 V vs. SCE and 4 mY.  sec
1 
scan rate and 50 mY pp pulse ampli tude. 
[34 ] 
To the tes t solut ion, add 0 .5 ml of Chlorpyrifos (1 x 10-3 mol / L) and 
pass n i trogen through the sol ut ion cel l  for 1 5  mins and measure 
the polarogram under the same experimental  condi t ions of the 
blank. 
2 . 4 . 1 . 3 .  Effec t  of e th a H o l  co ncen tration on  the determin a tion of 
Ch lorpyrifos: 
The test solu tion con taining 5-9 ml of Bri t ton-Robinson at pH 2 .0  
was m ixed w i th a su i table volume ( 1 -5 m!) of  e thanol in  the 
polarogra phic cel l  to obta in a f inal aqueous vol ume of 1 0  ml .  
N i trogen gas was then purged through the polarographic cell for a 
period of  1 5  mins and the polarogram of the blank was then 
measured ou t at -0 .2  V start ing poten tial  vs SCE, 4 mY . sec1 scan 
ra te and 50 mV pp pulse ampl i tude. A 0 .5  ml of Chlorpyrifos 
( 1  x1 0-3 mol / L) was then added to each buffer  e thanol solut ion in 
the polarographic cell  and ni t rogen gas was then bubbled for a 
per iod of 5 mins .  The pol arogram of each sol u t ion in  the 
vol tammetr ic  cel l was then recorded a t  the same i nstrumental  
parameters set for the corresponding background electroly te.  
2.4.1.4. The effect of salt  011 the DPP determinatiol1of Ch lorpyrifos: 
In order to inves tiga te the sal t  effect  on the de termin at ion of 
Chlorpyrifos, 5 .5  ml  of Bri t ton-Robinson B uffer of pH 2 .0  were 
mixed wi th 2.5 ml e thanol in a vol tammetric cel l .  To this sol ution 
2 ml of N aCI  (0 .5 M), 2 ml of N aN03 (0 .5 M) or 2 ml of sodium 
ace ta te (0 .5  M)  were added to the vol tamme tric cel l .  The cell 
solu tion was then purged wi th  purified ni trogen for 1 5  min and 
[35) 
the polarogram of the background electroly te was then recorded a 
s tar ting poten tia l of Es = -0 .20 vs. SCE, 4 m V scan ra te and 50 m V p p  
pu lse a m pl i t u d e .  U nder  the same experi menta l  condi t ions 
employed a 0 .5 ml of Chlorpyrifos ( 1  xl 0-3 M) was placed in  the 
elec trochemical  cell  and a s tream of pur ified ni  trogen gas was 
passed for 5 min and the polarogram was then measured. 
2.4.1 .5. Effect  of sodium ll itra te percell tage Oil the DPP detenn illa tion of 
Ch lorpyrifos:  
The effec t  of  var ious concen tra t ions of sod ium n i tra te 0-4 ml 
N a N 03, 0 .5  M on the determination of  Chlorpyrifos was cri t ical ly  
s tudied .  I n  separa te experimen ts 3 .5-7.5 ml of  Bri t ton-Robinson 
and 2 .5  ml  of e thanol were placed in the electrochemical cell .  To 
t hese solu tions various volumes (0.0-4 ml) of sod ium ni tra te were 
added so as to make the total volume of the solu tion 1 0  m1 .  The 
solu tion was then purged wi th dry ni trogen for 1 5  min  and the 
polarogram of the background electroly te was then measured a t  
constan t start ing potential  (Es = -0 .2 V vs.  SCE), scan ra te o f  4 m V 
sec - 1 and 50 m V p p  pu lse ampl i tude .  U nder these condi t ions a 
solu tion 0 .5  ml  of l x l 0-3 mol / L  Chlorpyrifos was then added 
separa te ly  i n to the electrochemical  cel l  and a s tream of purified 
n i  trogen was passed for 5 min and the polarograms were then 
measured separa tely. 
[36) 
2.4. 1 . 6. Effect  of p u lse amp l i tude 0 11 the D PP de term i1t a t ionof 
Ch lorpyrifos: 
In the vol tammetric cell, 7.5 ml of Bri t ton-Robinson buffer a t  pH 2 
were mixed with 2.5 ml  of e thanol, 0 .5 ml of 0 .5 M sodi um n i tra te 
as a background e lectroly te. Purified n i trogen was then purged 
through the solu tion cell for 15 min . ,  the polarogram was then 
measured . To this solu tion, 0 .5 ml  of Chlorpyrifos ( 1 x 1 0-3 mol / L) 
was then placed in the electrochem ical cel l and a stream of purified 
ni  t rogen was passed then recorded the polarograms at various 
pulse ampli tudes 5- 1 00 mY and 4 mY sec- 1 scan rate and starting 
potential  of -0 .4 Y .  
2.4.1.7. Effect  of scali ra te 0 1 1  the DPP detenn illa tiOlt of Ch lorpyrifos: 
In the electrochemical cel l ,  7.5 ml  of Bri t ton-Robinson buffer at p H  
2 were mixed 2 . 5  m l  e thanol a n d  0 . 5  ml  sodium n i trate .  The 
solu tion cell was then purged with purified ni trogen for 15 mins 
and the polarogram was then recorded a t  Es = -0 .4 Y and 50 mY p p  
pulse ampli tude.  Under the experi mental condi tions employed, a 
0 .5  ml  solu tion of the pesticide Chlorpyrifos ( 1 x 1 0-3 M) was placed 
in  the electrochemical cel l and a s tream of  purified n i trogen was 
passed for 1 5  m i n  through the sol u t ion cell u n der  s t i rred 
condi t ions . Measuremen ts of opp were then recorded at various 
scan ra tes 5, 1 0, 15 and 20 mY sec1 separa tely .  
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2.4.1.8. Effect of tempera ture OIL  the DPP determiuatioll of Chlorpyrifos: 
In separa te experiments, 7.5 nl of Bri t ton-Robinson buffer a t  pH 2 
were mixed with 2 .5  ml  of ethanol and 0 .5  m1 of sodium n i trate 
(0 .5  M )  a t  v arious temperatures 25, 37, 47 and 57 °C. Each 
solution was then purged with dry ni trogen for about  1 5  min a t  
4 m V .  sec1 , starting pO lential  o f  E s  = -0.4 V vs. SCE a n d  5 0  m V  pp 
pulse ampl i tude .  The pol arograms of background electrolyte 
were then recorded a t  each temperature. Under the experimental 
condi tions employed, a 0 .5  ml of the Chlorpyrifos ( l x l 0-3 mol / L) 
was placed in the electrochemical  cel l  and a s tream of purified 
ni trogen was then passed for 5 min through the solu tion cell and 
the polarograms were then recorded a t  each temperature at 4 mY. 
sec 1 , -0 .2 V vs.  Ag/ AgCl s tar ting poten tial  and pulse amplitude 
of 50 mVpp. 
2.4.1.9. Effect of concen tra tioll O I L  the DPP determinat ion of Ch lorpyrifos: 
Exactly 7.5 ml of Bri tton-Robinson buffer a t  pH 2 was mixed with 
2 . 5  ml of e th a nol  a n d  0 . 5  ml N a N03 (0 .5 M) in the 
electrochemical cel l  a t  25 °C. The solu tion was then purged with 
pur i fied n i t rogen for 1 5  m i ns and the polarogram of the 
background electrolyte was then recorded a t  4 mY. sec1 , 25 °C, 50 
m Y  pp  pulse ampl i tude and s tar t ing potential  -0 .4  Y vs.  SCE .  
U n d e r  t h e  exper i m e n t a l  con d i t ions  employed  d i ffer e n t  
concentra tions o f  t h e  Chlorpyrifos pesticide (0 .99x1 0-6-6 . 54x1 0-6 
mol / L) were then placed in the electrochemical  cel l  and a s tream 
of dry ni trogen was then passed for 1 0  mins through the solu tion 
[38) 
cel l .  The polarogram a t  each ad ded concen tra tion of Chlorpyrifos 
under the same condit ions was then recorded.  
2.4 . 1 . 1 0. 11lfluell ce of d iverse l OllS O il the DPP de term ina t ion of 
ClL lorpyrifos: 
The i nfluence of  d iverse ions (ca tions and a nions) which are 
commonl y in associa tion with the Chlorpyrifos in na tural  wa ter 
and pes t ic ida l  formu l a ti ons was cri t i ca l ly  examined . In the 
electrochemical  cel l 7 .5 ml  of  Bri t ton-Robinson buffer a t  pH 2 
were m ixed w i th 2 . 5  ml of e thanol and 0 . 5  ml NaN03 . The 
sol ution was then pu rged with purified ni trogen for 1 5  min and 
the pol arogram of the backgro und e lectrolyte  was then 
measured .  A 0 .5  ml  of Chlorpyri fos ( 1  x l  0-3 M)  was then added 
and purified ni trogen was then purged through the solu tion cel l  
for 3 m i n .  The polarogra m was then recorded a t  the same 
experimental condi tions of background electroly te of Es = -0.4 V,  
4 mV. sec 1 and 25 °C.  U nder the e mployed experimenta l  
condi tions in  the presence of a 0 .5 ml  sol u tion of Chlorpyrifos 
( 1 x l O-3 M) was then placed in the electrochemical  cell  and exactly 
0.5 ml of 0.5 mol / L  metal ion «Ca2 +, Mg2+, Cd (II), Zn(II), Cu(I I ), 
Cr  (VI)  or 0 .5  mol / L  of various anions (NO; , P- , r, SO�2, Cr, 
C r20-2 were added separately to the electrochemical cel l  and a 
s tream of purified n i trogen was passed through the cel l  for 3 min. 
Measu remen ts of  the polarogra m of each sol u t ion was then 
carried ou t separate ly  at  the same optimum experimen ta l  
condi tions of  the background plus the tested pesticide. 
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2.4.1 .11 .  Applica tioll of DPP ill the determillatioll of Chlorpyrifos: 
A) Analysis of Ch lorpyrifos in distilled and tap water: 
In the polarographic cell, mix  7 ml  of Bri t ton-Robinson buffer 
(pH 2) wi th 2 .5  ml absolu te ethanol and 0.5 ml of sodium ni trate 
(0.5 M) .  The solution was then purged with purified ni trogen gas 
for 1 5  mins and the polarogram of the background electrolyte was 
then recorded at -0 .4 V vs. SCE, 4 mV sec1 scan rate and 50 mVpp 
pu lse ampli tude.  This solu tion was then spiked with d i fferen t 
vol u mes ( 1 - 5 mD of  com mercial  C hlorpyri fos (0 . 026 gl - l 
d issolved in dist i l led or tap-wa ter) or pure Chlorpyrifos (0 .01 gl-l 
d issolved in water - ethanol mixture ( 1 0%, v / v) and the solu tion 
was then purged wi th  pur i fied n i trogen for 5 mins .  The 
polarograms were then recorded under the same experimental 
condi tions of background electrolyte. 
B )  Analysis of Chlorpyri fos in underground water: 
A 7 m l  of Br i t ton-Robinson buffer was m ixed w i th 2 .5  ml of 
absol u t e  e t hano l  and 0 . 5  m l  of sod i u m  n i t ra te i n  the 
polarographic cel l .  The ce l l  solu t ion was then purged w i th 
pur i fied  n i trogen for 1 5  min  under s t irred cond i tions.  The 
voltammogram of the background electrolyte was then measured 
at a s tarting potent ial of -0.4 V vs. SCE, 4 mY. sec1 scan ra te and 
50 m V pp p ulse ampl i tude.  To this  sol u tion v arious volumes 
( 1 -5 mn of commercia l  (0.24 gl- l ) or pure Chlorpyrifos (0.01 gl-l ) 
in ethanol  - u nderground wa ter sys tem ( 1 : 1 0  v / v) were then 
added and the solu tion was purged wi th pur ified n i trogen for 
5 mins under st irred condi tions. The vol tammograms were then 
recorded a t  each addi tion of Chlorpyrifos and the concentra t ion 
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of the Chl orpyri fos was then de termined from s tandard curve 
con s t ru c ted  u n d e r  the same expe r imenta l  con d i t ions of 
background electroly te and the tested analyte.  
2.4.2. D i fferent ia l  p ul se cathodic  a dsorp t ive s tri p p i ng v o l tammetric 
(D P-CASV) determination of Chlorpyrifos: 
2.4.2.1. Influence of pH Oil DP-CASV detennination of Cizorpyrifos: 
In the voltammetric cell, mix 7.5 ml of Bri t ton-Robinson buffer a t  
various pH (2-1 1 ) wi th 2 .5  m l  of e thanol and 0 .5 ml  o f  sodium 
ni trate (0 .5  M)  and then pass the purified ni trogen through the 
electrochemical cell for 16 min under s t irred cond i tions .  Record 
the d i fferent ia l  pulse-a dsorpti ve ca thodic vol tammetry of t he 
background electroly te a t  an accumulation poten tia l  of -0 . 2  V vs.  
Ag/ AgCI, deposi tion t ime of 60 s, 10 mV. sec1 scan rate and pulse 
ampl i tude  of 50 m V p p '  Under the experimenta l  condi t ions 
employed a solu tion of 0 .01 -0.05 ml of the Chlorpyrifos ( 1 x l O-3 
moU L) was added and a s tream of purified ni trogen was passed 
for 3 min through the solu tion cel l  under stirred condi tions. 
2.4.2.2. Influence of sodium n i tra te percen tage on the DP- CA S V  
detenn ina tion of Ch lorpyrifos: 
In  separate experiments di fferent volumes (4.5-7 ml) of Bri t ton­
Robinson buffer were mixed wi th 2.5 ml of e thanol and various 
a mo u n ts ( 0 . 5-3 m! )  of sod i u m  n i t ra te ( 0 . 5  M) in the  
electrochemica l  cel l .  The sol ution in the  electrochemical cell was 
then  p u rged w i th pur i fied n i trogen for 1 6  min  and  the 
background vol tammogram of each solu tion a t  accumula tion 
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poten tial  of -0 .2 V vs. Ag/ AgCl, deposit ion time 1 20 sec, 1 0  mY. 
sec1 scan rate and 50 mVp p  pulse ampli tude .  Under the same 
experimenta l  con d i t ions employed a sol u t ion of 0.5 ml of  
C h l o r p y r i fo s  ( 1  x l  0 - 4 m ol / L) was  then p l aced i n  the  
electrochemical cel l  and  a s tream of purified ni trogen was passed 
through the e lectrochemica l  cel l  under s ti rred condi tions. The 
vol ta mmograms of the  sol u t ions were then meas ured a t  
accumula tion po tential  of -0 .2 V vs. Agel, accumulation time of 
1 20 sec, pulse ampli tude of 50 mVpp and 1 0  mY.  sec1 scan rate. 
2.4.2.3. Influence of e thanol  cOll cen tra tioll O IL DP-CASV determinat ion 
of Ch lorpyrifos: 
In separate experiments d i fferent  volumes (6-8 ml) of Bri t ton­
Robinson buffer at pH 2 were mixed wi th 1 ml  sodium ni tra te 
(0 .5  M) and v arious amounts ( 1 -3 ml) of p ure ethanol .  The 
solu tion in  the e lectrochemical  cel l  was then p u rged wi th 
pur i fied n i trogen for 1 6  min and the vol tammograms of the 
background el ectro ly te were then measu red a t  accumulat ion 
poten tial  of -0 .2 V vs. Ag/ AgCI, deposi tion t ime of 1 20 sec, pulse 
ampl i tude of 50 m V p p  and 1 0  m V.  sec 1 scan rate .  The same 
exper imenta l  con d i t ions were then employed a fter add ing 
0 .05 ml  of Chlorpyrifos (1  x l  0-3 mol! L)  and passing purified 
ni  trogen for 3 min through the electrochemical  cel l .  Record the 
voltam mograms of the fi nal solu tion. 
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2.4.2.4. Influence of sca 11 ra te a ll d  p u lse ampl i tude O Il DP-CASV 
determilla tioll of ClL lorpyrifos: 
In the electrochemical cel l  7 ml of Bri t ton-Robinson buffer at pH 
2 were m ixed wi th 2 ml of e thanol and 1 ml  of sodium n i trate 
(0.5 M) .  The solu tions was then purged with purified ni trogen 
for 1 5  min  u nder s t irred condi tions. The voltammogram of the 
background electroly te was then recorded a t  various scan ra te 
(2-20 mY.  sec-1 ) and pu lse ampl i tude (5-1 00 mY).  Following the 
same exper i m e n t a l  cond i t ions,  a sol u t ion of 0 . 05 ml of  
C h l o r p y r i fos  ( l x l 0 -3 mol / L) was then i n troduced i n  the  
electrochemical cel l  and  a stream of  purified ni trogen was  then 
passed for 3 m i n  u nder s t i rred con d i t ions .  Record t he 
vol tammogram of the solu tion a t  the same scan ra te, pulse 
ampli tude, accumula tion potent ia l  time of -0 .2  V vs. Ag/ AgCI 
and deposi tion t ime of 1 20 sec . .  
2.4.25. Influence of a cc u m u la t ion  po ten t i a l  O il the  DP- CA S V  
determiua tioll of Chlorpyrifos: 
In the electrochemical cell mix 7 ml of Bri t ton-Robi nson bu ffer a t  
pH 2 wi th 2 ml  o f  ethanol and 1 ml  o f  sodium n i trate (0.5 M) .  
Percola te pur ified ni  trogen through the electrochemical cell for 
1 6  min  under s t irred condi tions. Record the voltammograms of 
the background electrolyte a t  1 20 sec deposi tion t ime and various 
accumula t ion poten tial  (-0 .2--0 .8  V) vs .  Ag/ AgC l .  U nder the 
same experimen tal cond it ions employed, a solu tion of 0 .05 ml of 
Chlorpyrifos O x 1 0-3 mol / L) was placed in the electrochemical cell 
and a s tream of purified n i trogen was then passed through the 
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ce l l  fo r 3 m i n  u n d e r  s t i rred co n d i t ions .  Record the  
voltammograms a t  1 20 sec, pulse amplitude of  50  m V, 5 mV.sec1 
scan rate a t  various accumula tion poten tial . 
2.4.2.6. Illfluence of depositioll t ime O il the DP- CASV determillat io lt of 
Ch lorpyrifos: 
Under the previous optimum experimen tal condi tions of pulse 
ampl i t ude, scan rate and accumula t ion poten t ia l  mix  7 ml of 
Bri t ton-Robinson buffer at pH 2 wi th  2 ml  e thanol and 1 ml 
sod ium n i trate in  the vol tamme tric cel l .  Purified ni trogen gas 
was then pu rged through the solu t ion cel l  for 3 min u nder 
st irred condi t ions. Record the vol tammogram of the background 
e lec tro l y te at v a ri ous depos i t i on t ime (0- 1 80 sec- I ) at the 
op t imum scan ra te and accumula t ion time. Repea t the same 
exper imenta l  a f ter placing 0 . 05 ml of C hlorpyr i fos in the 
electrochemical cel l  and passing a stream of purified n i trogen for 
1 0  min  through the cell under s t i rred condi t ions . Record the 
vol tammogram of the solution a t  each deposi tion time. 
2.4.2.7. Influence of diverse iOI Ls 0 1 1  the DP-A CSV determ ina tion of 
Chlorpyrifos:  
The in terferen ce of v ar ious i ons, e .g .  copper ( I I ) ,  l ead ( I I ) ,  
chrom i u m ( I I l ) ,  chro m i u m ( V I )  a n d  z inc( I I ) ,  ions  a t  a 25 : 1  
(i n terferen t :  ana ly te)  approxima tely exceeding those normal ly 
found in  n a tu ral  water was cri t ica l ly  invest iga ted on the DP­
C ASV determina tion of Chlorpyri fos. In the vol tammetric cel l  
7 m l  o f  Bri t ton-Robinson bu ffer a t  pH 2 were mixed with 2 ml of 
e thanol and 1 ml of sod ium ni trate (0 .5 M) .  To this solu tion 
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exact ly add 0.05 ml of Chlorpyrifos ( 1 x l O-3 M) and record the 
vol tammogram after purging purified ni trogen for 1 0  min under 
st i rred condi tions at the optimum condi tions of deposi t ion t ime, 
pulse ampli tude, accumula tion and potential  scan rate. Repeat  
the same experimental condit ions in the presence of each of  the 
added metal ion separa lely and record the vol tammograms. 
2.4.2.8. Applica tioll of DP-CASV ill the determilla tioll of Ch lorpyrifos: 
A) Analysis of Chlorpyri fos in the com mercial formulations, tap 
.i!.illL underground water: 
In the vol tammetric cel l, 7 111 .1 of Bri t ton-robinson buffer of pH 2 
were m ixed wi th  2 ml  of absol u te ethanol and 1 ml of ni tra te 
sol u tion (0 .5  M ) .  The cel l  solu tion ,was then purged w i th dry 
ni trogen for 1 6  m i n s  u nder  s t i r red  con d i  t ions  a n d  t he 
vol tammogram of the background electrolyte was then measured 
a t  -0 .4 V vs. Ag/ AgCl, deposi tion t ime of 1 20 sec, 5 m V .  sec-1 scan 
rate and 50 m Vpp pulse ampl i tude. To this solu tion, various 
vol u mes (0 .5-5 ml) of commercial  Chlorpyrifos (0 .025 gl- 1 in 
dist i l led wa ter) were spiked in to the electrochemical cel l .  The 
so l u t i o n  was  then  p u rged wi t h  d r y  n i t rogen a n d  t h e  
vol tammogram for each solu tion was then measured u nder the 
same experimental condi tions of the background electrolyte. The 
final  pesticide concen tra tion was then ob tained wi th  the aid of 
standard curves. Employing the same experimental procedures, 
ana lys is  of v ar ious volumes ( 1 -5 ml )  of spiked Chlorpyrifos 
(0 .025 gl- 1 ) in tap-, underground- and trea ted waste water were 
cri t ica l ly  ca rried out and the final pest icide concen tra t ion was 
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then de termined wi th the aid of concurrent ca l ibra t ion curve 
made under the same experimental condi tions. 
B) Detectioll alld semiquolltitotive determinatioll of Chlorpyri,fos 
ilLtomato piauts: 
A 1 -kg amou n t  of a i r-dr ied ground sample of tom a to p lant  
trea ted w i th C hlorpyrifos for d i fferen t t imes (0- 1 20 hrs) was 
accu ra tel y weighed in to porcelain basin .  The grounded sample 
was then soaked and ri nsed four t imes wi th 50 ml of n-hexane 
for abou t 1 hr .  The n-hexane ex tract was then evaporated wi th a 
rotary evapora tor and the sol id residue was then dissolved with 
10 ml  e thanol and the solu tion was then coupled to 25 ml  with 
dis t i l led wa ter in  measuring flask. Various volumes 0 -5 ml) of  
th is  sol u t ion were then added to an e lec trochemical  cel l  
conta in ing 7 ml  o f  Br i t ton-Robinson buffer a t  p H  5 . 0 1  m l  of 
e thanol and 1 ml  of sodium ni tra te (0.5 M). The solu tion cell  was 
then p u rged w i t h  dry  n i t rogen for 1 5  mins under  s t i rred 
condi t ions and the vol tammogram was then recorded at  -0 .4  V 
vs.  Ag/ AgCI, deposit ion t ime of 240 sec. 5 mY. sec-1 scan rate and 
50 m V pp pulse ampl i tude. The detection of the Chlorpyrifos was 
made by observing the ca thodic peak found at -1 .2 V vs. Ag/ AgCl .  
The sem iquan t i t a t ive  de terminat ion of the pest icide was also 
made  by comparison peak heigh t curre n t  a t  - 1 .2 V in  the 
vol tam mogram with a cal ibra tion curve made with Chlorpyrifos 
i n  d is t i l led  w a ter .  Moreover, de termina t ion of Chlorpyrifos 
pesticide was carried ou t using s tandard addi tion method. 
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Results and Discussion 
CHAPTER III 
"Differential Pulse Polarographic 
Determination of Chlorpyrifos" 
3 . 1 . D i fferent ial P ulse Po l a l ographic Detennination o f  
Chlorpyrifos 
Pola rography in vol ves the electrochemical  ana lysis of solu tion 
conta in ing oxid izable and lor reducible species. The analysis is 
ca rried out in a three electrodes electrochemical cel l  con laining a 
dropping mercury elect rode (OME) as a working eleclrode. The 
D M E  consists of a fine capi l lary lhrough which mercury passes and 
the mercury d rops a re formed a t  a rate of abou t one every few 
seconds.  The poten tial of the D M E  is cha nged linearly with t ime 
rela t ive to a reference sa tura ted calomel electrode (SeE) . Once the 
potenl ia l  is reached lo the value at wh ich a species in solu tion can 
rea ct, cu rrent flo ws be t ween the O M E  and third "coun ler" Pt-
electrode. 
To understand how both quanti la t ive and qual i ta t ive informa lion 
abou t the species in sol u tion could be oblained by polarography, it 
is necessary to consider the processes occurring at the DME.  Ions or 
molecules approach and depart  from the working electrode surface 
u nder the influence of the electrosta tic a t traction (migra tion) and 
d i ffusion processes. Migra tion phenomena is a process involving 
movement  of the ions or molecules which take place under the 
influence of an  e lec tric field,  on the other hand the d i ffusion 
processes is the motion of the species which is mainly dependent 
on the concen tra tion gradient of the species and is not affected by 
the D M E  potent ia l  or by the charge of the species in the tes ted 
solu tion. In polarography, the sol u tion condit ions are adjusted to 
e l imina  te migra L ion so tha t all ions or molecu les reach a t the 
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electrode surface do so only through diffusion process. Hence, in 
po l a ro g ra p h y ,  d i ff u s i o n -co n t ro l l ed c u rren ts ,  w h i c h  a re 
propor t i o n a l  t o  the  conce n t ra t ion  of  t h e  s pe cies under  
in vest iga t ion, a re  measu red.  Over the l as t  n u mber of years, 
v ar ious  pola rograph ic  me thods h a ve been d e veloped and 
successfu l ly  employed in  the a rea of env i ronmen tal  a nalysis .  
However, differential  pulse polarography (DPP) is the most widely 
used because of i ts sensi t iv i ty  and reprod ucibi l i ty .  On the other 
hand, the applicabi l i ty of the polarographic methods in the area of 
biological and pest icide analysis is l imited by overlapping with 
c a t a l y ti c  hydrogen d ischarge and the  poss ible adsorp t ion of  
depolarizer on the  mercury surface.  Normal and d ifferential  pulse 
polarography h a v e  been used to overcome t hese problems 
(Nurnberge, 1 960) . 
The d i ffere n t i a l  p u lse polarogra phic  technique gains grea ter 
sensi t iv i ty by taking the advantage of the fact tha t a smal l  jump in 
poten t ia l  (A superimposed smal l  poten t ia l  pu lse ca 50  mv is 
applied on the top of the DC-potential ramp near the end of the l ife 
t ime of each mercu ry d rop) has a much grea ter e ffec t  on the 
analyt ica l  signal than on source of noise such as capaci t ive current .  
A d i ffere n t i a l  tech n ique  based on  a sma l l  poten t ia l  p ulse 
m i n i mizes the signa l / noise ra tio leading to greater sensi t iv i ty .  
Therefore, the  l imi t of detection of organic and inorganic analysis 
using DPP are in the range 1 0-7- 1 0-6 mol / I ,  which for the classical 
DC polarography it would be only about  0.5x 1 0-4 mol / I .  
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Fig. 3 . 1  shows the differential  pulse polarographic peak of 5x1 0-5 
mol l l  of  CP a t  pH 3 .2 in  solu tion containing 25% ( v  I v) e thanol . 
This peak resul ts from applying waveform which has pu lse of 
constant ampli tude superimposed on a negative going ramp. The 
opp peak is probably corresponding to the cathodic reduction wave 
o f  the  azome th ine cen t re ( �C = N ) of the pyr id i ne r ing .  
Accord ing to  the wel l -known reduct ion mechanism of the  
N -heterocyclic com pounds the  � C = N u ndergoes i n  ac id  to  
neutral  media a total ly i rreversible electrode reaction wi th a total 
uptake of 2-electrons and 2-protons (2e-I 2 H +) (Kamal, 1 99 1 ) .  I t  
should  be ment ioned tha t t h e  N -heterocycl ic  compounds are 
characterized by a well resol ved cathodic reduction peak loca ted a t  
m o r e  nega t i ve potent ia l ,  close t o  hydrogen ions d i scharge 
potent ia l .  This behaviour could be explained by: (i) the one pair of 
electrons a t  the n i trogen a tom cause the reduction process to be 
more d i fficu l t  and ( i i )  the catalyt ic  effect of the N-heterocyclic 
compounds (Scheme I )  on the H+ discharge shifts the background 
d ischarge to less nega tive potential as follows: 
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Fig. 3.1. 
i .ji • . 
2 . 5 
2.0 
1 .5 
1 0 
05 
DPP behav iour  of 5x l 0-5 mol / L  of C P  a t  p H  3 .2  in solu tion 
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The determination of a compound characterized wi th a DPP peak 
very close to the background discharge is d i fficul t. Therefore, we 
wi l l  try to select the opera tional  and solu tion condi t ions which 
give a wel l resolved cathodic reduction peak from the background 
d ischarge as well  as which gave the most sensi t i ve DPP peak .  
Under  t he opt imum opera ting condi tions (pulse ampl i tude, scan 
ra te and drop t ime) and solu tion condi t ions (pH, ionic s trength, 
na ture of support ing electroly te and percen tage of e thanol)  we 
expect tha t the CP can be de termined to very low concentra tions. 
[51 ] 
( 1 )  
(2 )  
(3 ) 
Also, the applica tion of the opp technique for determination of CP 
in some env i ronmenta l  sam ples cou ld  be poss ible under the 
selected optimum experimental condi tions. 
3.1.1. Effect of p H  on the DPP behav iour of Chlorpyrifos: 
In u n i versal  buffer  solu tion con ta ining 25% (v I v) e thanol the 
d i fferen tial pulse currents of CP recorded as a function of potential  
a re represen ted in  Fig. 3 .2 .  OPP current  vol tage curves of the 
investigated compound in acid and neutral media (pH � 7.2) show 
a well developed reduction peak corresponding to the reduct ion of 
�C = N centre of the pyrid ine ring v ia  2e- I 2 H + mechan isms 
(Scheme I I ) .  Under various condi t ions the pyrid ine moiety was 
found  polarographical ly inact i ve . However, in the investigated 
compound (CP) the mesomeric effect  of the three chlorine a toms 
a ttached to the pyridine moiety increases the local iza tion of the 
electrons in the pyrid ine system and consequent ly enhance the 
red ucibil i ty  of the ) C = N centre. 
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Table 3 . 1  and Fig .  3 .3 show the pH dependency of the peak height 
and peak potential  peak of the OPP of the CP compound on the pH 
of the blank solu tion. The peak shifts to more negative potentials 
wi th  i ncreasing the pH .  The maximum sensi t iv i ty  and response 
peak current was found a t  pH 2 .2  compared to other pH's .  The 
inconstancy of the reduction peak current  in more acid ic  buffer 
solu t ion (pH < 2.2) is explained by the effect  of strong hydrogen 
e vo l u t ion  and  the peak is  comple te ly  over lapped wi th  the 
background discharge. As the pH approaches the modera tely acidic 
and nuetral range the reduction response decreases analogously to 
an acid d issocia t ion curve (Fig .  3 .3 )  beca use the protona tion 
kinet ics u nder these circumstances contribu te progressively to the 
con trol of  the overa l l  ra te of the reduction (Temerk and Kamal, 
1 981 ) .  Therefore, i t  can be concluded that pH 2.2 is the optimum 
pH for the determination of the investigated compound using OPP 
at the OME. 
[541  
Table 3.1 : Dependence of the peak heigh t (ip, IlA) and peak potential  
(Ep,V) on the pH of the DPP peak of 5x1 0-5 rnol / L  CPo 
pH ip -Ep 
IlA V vs SeE 
2.2 31 .25 1 .05 
3 .2 1 9.00 1 . 1 2  
4 .0 1 2 .75 1 . 18  
5 .01 3.37 1 .20 
7.2 1 . 1 2  1 .20 
9 .0 1 .00 1 .20 
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3.1.2. I nfl uence of the nature of the supporting electrolyte, acid and salts 
concentration on the DPP determ ination of Chlorpyrifos: 
In order to investigate the effect of the na ture of the supporting 
electrolyte sol ution on the OPP response of the CP compound, the 
OPP behaviour was recorded at pH 2 .2 in u nbuffered acid solut ions 
(Fig.  3 .4) and a t  pH 2.2 in presence of various sodium salts (Fig. 3.5) . 
I t  was found tha t H2S 04 acid concentra tion medium gave the 
maximum response, but it  is lower than tha t response recorded in 
pure bu ffer sol u tion by 20%. Also, the maximum response was 
recorded a t  pH 2.2 in presence of NaN03. The abnormal behaviour 
in  presence of C H3COOH or CH3COONa is due to the effect of pH 
ra ther  than the acid or the sa l t  effect .  The C H3 COOH or 
C H 3COONa media has a rela tive higher pH compared to o ther 
media .  The effect of NaN03 concen tra tion on the OPP behaviour 
of the CP compound at  pH 2 .2 was studied (Fig. 3 .6) .  I t  was found 
that the maximum peak response is recorded at 0.025 M of NaN03.  
3.1.3. I n fl u ence o f  e thanol  p ercentage and t e m perat ure on the DPP 
determ inat ion of Chlorpyrifos: 
The opr currents of the cr compound was recorded a t  pH 2 .2 in 
presence of d i fferen t  ethanol  percen tage (Fig .  3 . 7) .  At h igher 
e th anol percentage (� 30%) the solub i l i ty of the compound is  
maxim u m  leading to decrease i ts adsorbabi l i ty  at  the d ropping 
mercur y  e lectrode surface and consequently i ts reduction efficiency 
was decreased . However, a t  lower e thanol percen tage (� 5%) the 
solubil i ty of cr decreases and the solu tion in the polarographic 
cell becomes turbid .  Thus, the maximum peak height of the orr 
peak of the inves tiga ted compound was found a t  25 % ( v  I v) of 
e thanol . 
[57\ 
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The effect of tempera ture on the d i fferen tial pulse peak height of 
the investigated compound was cri tical ly carried out over 25-57 °C 
tempera ture  range (Fig. 3 .8 ) .  The resu l t ind icated tha t  the 
tempera ture does not  highly infl uences the d i fferent ia l  pulse 
curren ts of the reduction peak of the CP compound.  Therefore, al l  
subsequent experiments were carried ou t at  room temperature. 
3.1.4. Dependence of D P P  peak of CP on the operational p arameters: 
I n  order  to se lec t  the op t imum opera t ing  cond i t ions for 
determination of CP at pH 2 .2, the effect of s tarting potential, pulse 
ampl i tude, scan ra te and d rop t ime were careful ly  investigated. 
The dependency of the peak heigh t on the start ing potential (Es) 
was s tudied from 0 .0  - -0.8 Y.  The resul t  revealed that the Es does 
not  highly influence the differen tial pulse peak height .  -0 .4 V Es 
was selected for the subsequen t experiment.  
The pulse ampl i tude of the superimposed vol tage applied on the 
negat ive going potential  ramp plays a very importan t  role on the 
DPP behaviour of the compound under investiga tion. At pH 2.2, 
the DPP peak increased in magn i tude with increasing the pulse 
ampl i tude  (Fig.  3 .9) .  I t  was found that the peak shifted to less 
nega t ive poten tial  w i th increasing the pulse ampli tude from 20 to 
50 mY and becomes well resol ved from the background discharge. 
The DPP determina tion of CP compound was carried ou t a t  50 mY 
pulse ampli tude. 
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Effect of temperature o n  the DPP peak o f  5x 1 0-5 mol / L  CP a t  
pH 2.2 .  ( 1 )  25, (2) 37, (3) 4 7  and (4) 55 °C. 
[631 
l , jlA 
3 0  
2 0  
t o  
------�------�----�------�----��----� O O  
- 1 . 4 
Fig. 3.9. 
- 1 .2 - 1.0 - o.e - 0.6 - 0.4 
E.V v s S C  E 
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The sca n ra le d ependency of the orr peak of 5x1 0-s mol / l  of CP 
was s lud ied a t  pH 2 .2  over 2-20 mY / s  scan rate (Fig .  3 . 1 0) .  At 
rel a t ively higher scan ra le (scan rale > 8 mY Is) the peak height of 
DPP peak decreased markedly by ca 1 0% .  The response of the 
ca thodic reduction peak at 2 mY /s was very s imi lar  to that  a t  
4 mY / s .  Therefore, 4 m V .  sec 1 scan rate was selected for the 
de lerminalion of the in vesliga led compou nd.  
The effect of drop t ime on the opr response is shown in Fig. 3 . 1 1 .  
I t  was found lhat  a decrease in drop time decreases the resolu tion 
and reduces the sensi l i  v i ty of the peak heigh t .  It is well  known 
tha t  the e leclronic noise a n d  s t i rr ing induced by mechanical  
d islogment  resu l t  i n  a decreased signal to noise rat io as the drop 
t ime decrease. Moreover, adsorption of a N-he terocycl ic  organic 
compound at the mercury electrode su rface is a pre request step for 
the red uction process . Therefore, in case of the C P  compound a 
maximum reduction response is obtained a t  rela t ively long drop 
t i me e .g . ,  1 .4 second,  which used  in the ca l ibra t ion curve 
measurement of the tested compound. 
3.1.5. Quanti tat ive determ ination of  Chl orpyrifos pesticide by D PP: 
The opt imum condi t ions for the analyt ica l determina tion of the 
i nvest igated compound by DPP were found a t  p H  2 . 2  in the 
presence of (0.025 M) NaN03 and 25% (v  I v) ethanol, 25 °e, 50 mY 
pulse a m  pl i  tude, 2 mY sec 1 scan ra te and drop t ime 1 .4 s .  
Fig. 3. 1 2  shows the DP polarograms of various concentra tions 
[65 ] 
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( 0 .99x 1 0-6 - 6 .54 x 1 0-6 mol / I) of C P  under the above men tioned 
condi tions.  The variation of the peak height of OPP response wi th 
the concen tration of C P  is l inear (Pig. 3 . 1 2) .  The resul t of the 
ca l ibra t ion s t ra ight  l i ne  was s ubjected to the least  square 
refinement .  I t  was found that  the s traight l ine has a regression 
coefficient (r2) 0 .995, slope 9 .4xl 0-4 JlA / mol-1 and an in tercept of 
0.005 ± 0.002 JlA. The resul ts of five replica te measurements of the 
peak heigh t of the DPP peak corresponding to 2 .5x 1 0-6 M 
concen tra t ion of  Chlorpy rifos gi ve 4 . 7% a re l a t ive  s tandard 
devia tion (RSO) . I t  should be men tioned that, under the optimum 
condi tions for determina tion of CP using OPP the detection l imi t  
was 6.0xl 0-7 mol /I .  
3.1.6. I n fl uence of d i v erse s p e c i e s  on the opp d e t e r m i n a t i o n  o f  
Chlorp yrifos: 
Determina tion of CP compound in water of irrigation is one of our 
in teres t ing goals .  Therefore, the influence of some cationic and 
anionic  species, which are commonly present  in  the wate r  of 
i rriga tion, on the determina tion of CP was examined. The effects 
of some o ther pes ticides and surfactants were also considered. 
In terference studies were carried out with various cations, some of 
them are polarographical ly active, e .g., Cu(II) ,  Cd(II), Pb(II),  Zn(II) 
and Cr(V I) and some polarographical ly inact ive, e .g . ,  Ca2 +, and 
M g2+ .  The effect of differen t anions which are more l ikely present 
- -2 -2 
in water of irrigation, e .g . ,  N03, S04 ' cr , Cf20 7 ' r and P- were 
also, cri tically investiga ted. 
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U nder  the opt imum cond i tions for CP determina tion the eu ( I I), 
Pb(I I )  and Cd( l l) exhibi t a ca thodic red uction opp peaks located a t  
less negative poten tials compared t o  the peak potential o f  opp peak 
of CP (Figs. 3 . 13, 3 . 1 4) .  This resul t  indica tes that the opp peak of the 
above mentioned metal ions are no t overlap with the CP peak. 
However, in  presence of 1 x 1 0-S mol / L  of the metal ions the peak 
height of the CP decreases by abou t 1 0%.  The degree of recovery of 
5 x 1 0-5 mol l l  of CP, in presence of 1 x1 0-5 mol / L  of the metal ion is 
in the range of 90-98 % (Table 3 .2) .  The OPP behaviour of Zn(II)  
and Cr(VI) displays ca thod ic red uct ion peaks a t  potentials very 
close to  the o p  peak and overlap to some extent  wi th the OPP 
respones of the CP compound (Fig. 3 . 1 5) .  The peak height of CP is 
decreased by 1 0% and 1 6 %  in presence of 1 x 1 0-6 mol l L  Zn(II) and 
Cr(VI), respectively. The degree of recovery of 5xl 0-6 mol / l  of CP, 
in presence of 1 xl 0-4 mol / L  Zn( l l) and Cr(VI) is  decreased by 
1 8  and 28%, respect ively. 
The decrease in  the peak heigh t of the CP compound in  the 
presence of t he tested metal ions cou ld  be explained by the 
tendency of CP compound to form a six membered ring chela tes 
v ia  the n i t rogen and sulphur a tom. I t  is well  known tha t  the 
metal  ion complex has a lower diffusion coefficient rela tive to the 
free metal ion and consequently it exhibits a less opp current .  
CI 
CI 
S tructure of the possible CP-metal ion complex. 
1 70) 
Table 3.2 : In terfer ing effect  of Cu( l I),  PbO!), C d  (I I ) ,  Zn(I l )  and CrOl l )  
ca t ion on the OPP behaviour of 5xl O-5 mol / L  CP under the 
opt imum condi t ions for delermination. 
Concentra tion Cone. of CP moUL Recovery 
Cation mollL 
added found 
Cd l x l 0-5 5xl 0-5 4 .9xl 0-5 98 % 
l xl 0-4 5x l 0-5 4 .5x l O-5 90 % 
Z n  l xl 0-5 5x l 0-5 4 .5xl 0-5 90 % 
l xl 0-4 5xl 0-5 4 . 1 xl 0-5 82 % 
Cu 1 x l 0-S 5x l 0-5 4 .7x l 0-5 90 % 
l xl 0-4 5x l 0-5 4 .2xl 0-5 84 %  
Cr l xl 0-5 5xl O-5 4 .2x l O-5 84 %  
l x l 0-4 5x l 0-5 3 .6xl O-5 72 % 
Pb l xl 0-5 5xl 0-5 4 .5x l O-5 90 % 
l xl 0-4 5xl 0-5 3.9xl 0-5 78 % 
[7 1 J 
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C a2+ a nd Mg2+ are not polarographical ly active and they have no 
tendency to form a metal ion CP complexes. Therefore, both metal 
ions slightly affect the peak heigh t of the CP peak.  The degree of 
recovery of 5x 1 0-5 mol / L  of CP, in presence of both metal ion is 
a lmost 1 00% (Table 3.3) .  
Table 3 .4 shows that  the effect of various in terferring anions (CO�-, 
- 2-
N 03 , S04 , C  cr and F) on the opp behaviour of 5xl O-
5 mol / L  of 
C P  compou nd under the opt imum condi tions. Some of these 
- 2- 2-anions e .g. ,  N03, C03 and S04 had no effect  on the opp current of 
CP and the height of the opp peak is a lmost  constant .  In presence 
of d i fferent  concentration of C cr and F- the peak height decreased 
to some extent  and consequen tly the degree of recoveries of CP 
compound were found less than 1 00% .  However, in presence of 
Cf20�- the peak of the CP compound heigh t increases markedly.  I t  
2-
was found that  dichroma te ion Cr207 displayed a opp peak a t  the 
same poten t ial  l imi ts of the CP peak. The la t ter beha viour reveals 
2-
that  the CP and Cr207 peaks are completely overlapped. 
[75] 
Table 3.3 : In terfering effect of Ca2+ and Mg2+ on the DPP behav iour of 
5x10-5 mol / L  CPo 
Cone. of  CP mollL 
A n i o n s  Concentrat ion Recovery 
added found 
Ca 1 x 1 0-5 5x l 0-5 4 .9xl 0-5 98 % 
1 x1 0-4 5x l 0-5 5xl 0-5 1 00 % 
Mg 1 x1 0-5 5x1 0-5 5 . 1 5x l 0-5 1 03 % 
l x1 0-4 5x1 0-5 5 . 15x l 0-5 1 03 % 
[ 76\ 
Table 3.4 : In terfer ing effect of  anions on  the DPP behaviour of 5xl 0- s 
mol / L  CPo 
Cone. of  CP moUL 
A n io ns Concentration Recovery 
mollL added found 
F 
-
l x l 0-4 5xl 0-S 5xl 0-S 1 00 % 
l xl 0-3 5xl 0-S 4.5xl 0-S 90 % 
N0
3 
l xl0-4 5xl 0-S 5xl0-S 1 00 % 
l x l 0-3 5xl 0-S 4.8xl 0-S 98 % 
C0
2-
3 
l xl 0-4 5x1 0-S 5x1 0-S 1 00 % 
l xl 0-3 5x1 0-S 5xl O-S 1 00 % 
I 
-
l xl 0-4 5x1 0-S 5. 1 x 10-S 1 02 % 
l x 1 0-3 5xl 0-S 4.9xl 0-S 98 % 
5
0
2-
4 1 xl 0-4 
5xl 0-S 5xl 0-S 1 00 % 
l x l 0-3 5xl O-S 4.9xl 0-S 98 % 
Cr l xl 0-4 5xl0-S 
4.7x l 0-S 94% 
l x l 0-3 5xl 0
-5 4.4x l 0-5 88% 
(77) 
3.1.7. I nf l uence of mala thion and d iazinon pes t icides on the OPP 
behaviour of Chlorpyrifos: 
The OPP behaviour of 5xl 0-s mol / L  of CP was investiga ted in the 
presence of v arious concentra t ions ( 1 xl 0-4 - 5x10-S moI / L) of 
mala thion and d iazi non pesticides. The l a t ter  compounds are 
polarographically inact ive and consequently they are not showing 
a d i fferential pulse current .  I t  was found that both compounds did 
not  i n terfere wi th the DPP behaviour of CP and the degree of 
recovery of the OPP current  of 5x1 0-s mol / L  of CP was 1 00% in 
presence of mala thion and /or diazinon pesticides. 
3.1.8. Analyt ical appl ication of the DPP method for determination of 
Chlo rpyrifos in some environmental samples: 
U nder the selected optimum condi t ions for de termination of CP 
using DPP, the method was applied for the analysis of the CP in the 
commercial formula tions in the sale market .  Fig. 3 . 1 6  shows the 
OP polarograms of the CP a t  various concen tra tion prepared from 
the commercial  sample.  The concen tra t ions dependence of the 
peak height of the OPP commercial sample peak is l inear over 
conc. range of 1 .0 1 x 1 0-S - 4.20x1 0-S mol / L  with degree of recovery, 
compris ing to the standard cal ibration curve, was ranged from 
95.8-1 03.6%.  Also, the registered concentra tion on the data sheet of 
the commercia l  sample was recovered by 95.8%. 
The ana ly t ical de termina t ion of CP compound in  some water 
samples e.g. tape water, underground water and trea ted wastewater 
was examined. The concentration dependence of the orr peak of 
[78 1  
the CP, prepared in  one of the above wa ter type, was l inear over a 
concentra tion range of l x l O-5 - 5xl O-5 mol / L. Table 3.5 shows the 
degree of recoveries of CP solutions concentration prepared from 
the com mercial  and  pure samples i n  d i ffere n t  env ironmental  
water samples. The l is ted degree of  recoveries (Table 3.5) are in  the 
acceptable range, w hereas for a pure or  commerci a l  sample 
prepared i n  the u n derground wa ter the degree of recovery is 
relatively low at  lower concentra tions of CPo These resul ts indicate 
tha t  the i n terfering ions in the d i fferen t  water types were not 
highly affecting the method of determina tion of CP using DPP. 
The proposed DPP me thod for CP determina tion was applied for 
determina tion of the extracted CP from the surface of toma toes 
plant  (CP was collected from the surface of 1 kg tomatoes using 
extraction technique). Many trials were made for CP determination 
in the extracted sample and all of them were not succeeded. This 
coul d  be explained that  the concentra tion of the extracted CP was 
lower than that  of the detection l imit  of DPP technique. 
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Table 3.5 Degree of recoveries of the CP solut ions prepared from the 
commercial and pure samples in d i fferent  environmen tal 
water samples. 
Sample Concen tration of  CP Recovery 
Commercia l  sample in 1 .01  Xl 0-5 - 4.20 X 1 0-5 95.8 - 1 03.6% 
bi-disti l led water 
Pure sample in  tap water 1 .01 xl 0-5 - 4.20xl 0-5 93.2 - 97.0% 
Pure sample in treated 1 .01 xl  0-5 - 4.20x l 0-5 94.6 - 1 04.1  % 
was tewa ter 
Pure sample in 1 .0 1 xl 0-5 - 4.20xl 0-5 83.0 - 91 .6% 
underground water  
Commercial sample in 1 .01 x l 0-5 - 4.20xl 0-S 81 .0  - 90.6% 
underground water 
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Fig. 3.16. DP-polarograms of various concentra tions prepared from the 
com m e r ci a l  samp le,  under  the  op t i m u m  con d i t ions .  
( 1 )  1 . 0 1 x 1 0-S , (2) 1 .86x 1 0-S , (3 )  2 .58x 1 0-S , (4) 3 . 20x 1 0-S , 
(5) 3 .73x1 0-S and (6) 4.20x 1 0-S mol / L  CPo 
[81 \ 
CHAPTER IV 
Voltammetric Analysis of Chlorpyrifos 
4 . 1 .  Cycl ic Voltallunetric B ehavio u r  o f  Chl orpyrifos (CP) at  the 
Hanging Merc u ry E l e c t ro d e  
The oxi da tion / red uction behaviour  of Chlorpyrifos (C P) was 
s t u d ied using cycl i c  vol ta mmetr ic  technique a t  the hanging 
mercury drop electrode (HMDE) . A further aim of this study is the 
i n ves t iga t ion of the  adsorpt ion a n d  accu m u l a t ion of the 
investiga ted compound a t  the cha rged mercu ry electrode surface as 
a prerequ isi te step for ca thod ic adsorptive stripping analysis step. 
The cycl ic  vol tamme try of CP as a fu nct ion of poten t ia l  was 
investiga ted in sol u tions of varying pH and represen ted in Fig. 4 . 1 . 
The CV behaviour ind ica te two ca thodic peaks. The fi rs t peak is 
reversible peak and loca ted at poten t ia l 's close to O .OV and the 
second one is i rreversible pea k and appeared at more nega tive 
potent ials close to H+ discharge polen tial . The first peak represents 
a common CV behav iour  of su lphur  cont a in ing compounds 
(Temerk and o thers,  1 992) and corres pond ing to the  redox 
behav iour of the Hg2+- thiola te fi lm which may be formed at the 
polarized mercury electrode surface. The reversible redox process 
of the firs t peak could be represen led by the following equa tion: 
Hg + RS ..:;;; .. ;::===''''� Hg(RSh + 2e-
H owever,  the  second irreversible ca thod ic peak is  probably 
corresponding to the irreversible red uction of the � C = N of the 
pyridyl moiety via the 2e- / 2 H + mechanism . 
1821 
The cyclic vol tammograms of CP compound at  various scan rates 
are recorded at pH 3.0 as shown in Fig. 4.2. The CV peak height 
increases wi th increasing the scan ra te from 20 to 200 m V / s. The 
cathodic peak potential was found to shift in the negative direction 
wi th increasing the scan ra teo This resul t reveals tha t the degree of 
irreversibil i ty i ncreases wi th increasing the scan rate. It should be 
ment ioned tha t at very fast scan ra te e .g . ,  200 mV I s, an anodic 
spike was observed at potential  ident ical to the potent ia l  of the 
ca thodic peak. This i nd ica tes that the weak adsorption of the 
reduction product rela tive to the s trong adsorption of the oxid ized 
form at the mercury surface .  Therefore, the reoxidation process 
cou l d  be observed a t  fas t scan only before the desorption of the 
reduced form from the electrode su rface. This resul t  supports the 
s trong adsorption and accumula t ion of the oxidized form of CP a t  
the mercury electrode surface. 
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4.1 .1 .  Effect  of  adsorp t ion p o t en t i al o n  the cycl i c  v o l tammograms of  
Chlorpyrifos: 
The effect of accumula tion potent ia l  on the CY behaviour of 
5xl 0-6 mol / L  of CP at 30 seconds deposi tion time was examined a t  
pH 3.0 and pH 6.02. As the accumulation potential shifted to more 
or l ess potential value than -0 .4 V the cathodic reduction peak will 
obviously be lower than the CY peak at -0.4 V (Figs. 4 .3 and 4.4) . 
These res u l ts i n d i ca tes tha t the max imum adsorpt ion  and 
accu mula tion of the  CP compound takes place a t  potential very 
close to the potent ia l  corresponding to the e lectrocapi l lary zero 
potent ia l  (-0 .39 Y vs Ag / AgCl) .  This is a common behaviour for 
a dsorpt ion of neu tral  orga nic  he terocycl ic  compounds a t  the 
mercury electrode surface (Temerk and Kamal, 1 982) .  
4.1.2. D epend ence  o f  t h e  cycl ic  v o l t a m m ograms o f  Chlorpyrifos o n  
adsorption t ime: 
The t ime dependence of the cyclic voltammograms of the adsorbed 
CP a t  the mercury electrode surface was examined at pH's 3.0 and 
6.02 at 1 00 mY scan ra te and -0.4 Y adsorption potential  (Figs. 4 .5 
and 4 .6) .  The cathodic peak which corresponds to the reduction of 
�C = N - of pyridyl  moiety is mainly adsorp tion time dependent .  
The peak heigh t C ip, IlA) increases wi th the adsorption t ime up to 
1 80 s indicating that the amou nt of adsorbed species increases with 
t ime and the maximum surface coverage of the electrode occurs a t  
1 80 s. 
186) 
I t  should  be mentioned that  the cyclic  vol tammetric behaviour of 
C P  was carr ied ou t in  relat ively d i lu te sol u tion of CP ( 1 x l O-6 
mol / L) and a t  higher scan ra te ( 1 00-200 mV s-l ) in order to enhance 
the CP adsorp tion cu rrent  rela tive to the diffusion con trolled ones. 
The above resul ts confirm that  the faradaic ca thodic reduction CV 
peak of the CP compound, which appeared as the resu l t  of the 
adsorbed species at the mercury electrode surface, is relat ively high 
and well separa ted from the hyd rogen discharge potent ia l .  Also, 
the above resul ts  show that  the CP compound is adsorbed and 
a c cu m u l a ted  a t  the ch a rged mercury  e lec t rode s u r face .  
A con trol led adsorption of CP at  the  Hg surface provides the basis 
for d irect s tr ipping measurements at a very low concentration 
range. 
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4.2.  Ca t h o d i c  A d sorp t ive S t rip p i n g  Vol tarnnl e tric Analys is of 
Chlorpyrifos 
A considerable i ncrease in the sens i t i v i ty of the vol tamme tric 
method of analysis can be obtained by enrichment  of the substance 
to be d e termined prior to the polarographic or vol tammetric 
determina tion i tsel f, usually by electrolysis a t  a stat ionary electrode. 
The enrichment s tep is fol lowed by stripping of the reduced form 
of the substance from the electrode surface by posi t ive scanning of 
potent ia l  (anodic s tripping vol tammetry) or by s t ripping of the 
oxidized form by negat ive scanning of poten tial (cathodic stripping 
a nalysis) . 
Cathodic adsorptive stripping method is qui te similar to the anodic 
and ca thodic s tr ipping me thods. Here, a microelectrode, most 
commonly a h inging mercury electrode is  immersed in  s t i rred 
solu t ion of the ana ly te for several seconds.  Deposi t ion of the 
analyte then occurs by physical adsorp tion on the electrode surface 
rather than by electrolyt ic deposi tion. After sufficient  analyte has 
accum u l a ted,  t he s t i rr ing is d iscon t inued and the depos i ted 
m a ter ia l  determined by l inear - scan or pulsed vol tammetric 
measurements .  Q u a n t i t i a t i ve i n forma t i o n  is  b ased upon  
calibration wi th  standard solut ions that  are treated in  the  same way 
as samples. 
Many organic molecules of clin ical,  pharmaceu tical (Ahmed and 
o thers, 1 994) and pesticidal (Kamal and others, 1 996) interest have a 
s t rong tendency to be adsorbed from aqueous solu t ions onto a 
mercury surface, particularly if the surface is main tained a t  about 
1 92 J  
-0 .4 Y vs SCE where the cha rge on mercury is zero. Ca thodic 
adsorp t i v e  s t r ipp ing  vo l tammetr ic  (CASY) method is  very 
sensi t ive esp ci a l ly  when i t  coupled with d i fferential  pulse (DP) 
technique. The l imit  of delection of the analyte is s trongly depends 
on the opera tion and experimental condi t ions and is very close to 
1 0-9 - 1 0-8 mol / L. 
4.2.1. G eneral voltammetric behaviour of  Chl orpyri fos: 
The ca thodic adsorpt ive s t ripping (CAS) vol tammograms of CP 
were recorded over a wide pH range (3.0-9.2) in Br i t ton-Robinson 
buffer solu t ions con tain ing 25% e lhanol using different ia l  pulse 
vol tammetry (OPY) . 
The adsorbed oxidized form of CP molecules exhibi t only a CAS 
red uct ion peak, which is pH dependent (Fig. 4 .7) .  This peak is 
corresponding to the reduction of the �C = N - centre of the pyridyl 
moiety of CP compound via the 2e-/ 2 H+ reduction mechanism. In 
rela t ively strong acid solu tions (pH � 4.2), this reduction peak was 
completely overlapped wi th back ground d ischarge. The la t ter 
beha viour is  probably due to the highl y cataly t ic  effect of the 
i nvestigated compound on the H+ discharge . In  acidic solu tions 
and a t  higher [CP] / [H+] ra tios, ca 0.5 or more, the reduction peak is 
seen . However, th is condi tions is unsui table for trace analysis of 
the i nvestigated pest icide. In sl igh t ly  acidic  and neu tral solu tion 
the ca thodic reduction peak is well defined and pH sensi t ive even 
a t  very low concentration of CP ca 5x1 0-7 mol / L. The reduction 
peak shifts to more negative poten tials and i ts height decreases 
1 93J 
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markedly with increasing the pH of the supporting electrolyte. The 
maximum DP-CASY vol lammetric peak for CP pes ticide was 
found in slightly acidic solu tions e.g.  pH's 5 .01 and 6.0 .  
4.2.2. Evaluat ion of the experimental parameters: 
The effects of ionic s trength and ethanol percent on the DP-CASY 
peak of CP compound were investigated a t  pH 5. 1 (Figs . 4 .8 and 
4 .9 ) .  I t  was found that the maximum response is reported for a 
solution containing 0 .025 mol / L  NaN03 and 25% of ethanol. 
The dependence of the of the DP-CASY peak heigh t of CP on the 
preconcen tra tion poten tial was stud ied at pH 5 . 1  in the poten tial  
range of -0.2 to -0.8 Y (Fig. 4. 1 0) .  When the accumulation potential 
is shifted to more pos i tive or nega tive value than -0.4 Y, the peak 
heigh t decreases ma rked ly .  This behaviour indica tes tha t the 
maximum accumula tion and adsorption of the tes ted compound 
a t the mercury e lec trode surface is  obser ved a t potent ia ls  
corresponding to  the electrocapil lary zero potential of  the  mercury 
electrode (-0 .39 Y vs Ag/ AgCI) . The accumula tion poten tial  was 
adopted a t  -0 .4 Y for the stripping analysis experimen ts .  
The  D P-CASY vol t ammograms of l x 1 0-6 mol / L  of CP were 
recorded at various scan ra tes (Fig. 4 . 1 1 ) at pH 5. 1 .  The height of 
the  reduct ion peak i n creases wi th  i n creasing the scan ra te, 
however a t  higher scan rate (20 and 50 mY /s) the width of the peak 
increases and becomes less resolved . Hence a scan rate 1 0  mv/s  
w as chosen for s tripping voltammetry of  the  adsorbed CP a t  the 
mercury electrode surface . 
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The effec t  of the preconcen tra t ion t ime on the str ipping peak 
heigh t of the tes ted compound was followed at pH 5. 1 (Fig. 4. 1 2) .  
The p ak  height of the red uction process o f  the adsorbed CP 
i ncreases wi th increas ing the adsorption t ime ( ts, sec. ) .  An 
equ il ibrium surfa e concentra tion is reached and the peak height 
becomes constant at adsorption t ime higher than 1 80 s. 
4.2.3. Q uanti tat ive t race determination of Chl orpyrifos by D P-CASV: 
The applicabi l i ty of the CAS voltammetry as an analy tical method 
using differential  pulse technique for determination of CP pesticide 
was tested under the above selected optimum condi tions (pH 5. 1 ,  
0 . 025  M N a N 03 , 25 % e thanol,  1 80 s deposi t ion t i me, -0 .4  
preconcentra tion poten tial and 10  m V / s scan rate) .  The cal ibration 
curve generated over the concentra tion range of 9 .90xl 0-8 mol / L  to 
5.66x 1 0-7 (Fig. 4 . 13) .  The data of the calibration curve was subjected 
to the least square refinement and i t  was found that the regression 
coefficien t of the s traigh t l ine calibra tion curve was 0 .98, the slope 
was 4 .5xl 0-6 )lA/ mol and the in tercept was -0 .025 )lA o  The rela tive 
s tandard devia t ion of the fi t was found to be 6 . 1  %.  The lower 
detectable l imi t  of the investiga ted compound was l x l 0-8 mol / L  
(0.0034 mg/ L) a t  300 s deposi tion time. 
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(A) concen tra t ion dependence of the DP-CASV peak of CP 
at p H  5.01,  Es = -0 .4 V, ts = 1 80 5 and 1 0  m V /5 scan rate. 
1 )  9.92x 1 0-8 I 2) 1 .96x 1 0-7 , 3) 2 .92x1 0-7 , 4) 3.85x1 0-7 , 
5) 4.80x 1 0-7 , 6) 5 .66x1 0-7 and 7) 6.52x 1 0-7
 mol / L  CPo 
( B) Calibration curve plot .  
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4 .3 .  A n a l y t i c a l  A p p l i c a t i o n  o f  t h e  D P-CA S V  M e t h o d  for 
Deternlination o f  Chlorpyrifos in SOlue Water Samples 
Under the selected op t imum condi t ions for CP de termina tion 
usi ng DP-CASY technique, the method was applied for analysis of 
CP in some env i ronmen tal  w a ter  samples e .g . ,  tape wa ter, 
u nderground wa ter and t rea ted wastewater .  The degree of 
recovery of concen tra t ion range 1 x 1 0-7 - 5x10-7 mol / L  (0.034-0 . 1 7  
mg/ L) o f  Chlorpyrifos was ca lcula ted for a sol u tion prepared i n  
d i fferen t  environmental  wa ter samples (Table 4 . 1 ) .  The resu l ts 
indicated tha t wi thin the above concentra tion range the degree of 
recoveries of C P  in  the tape wa ter and trea ted was tewa ter are 
acceptable .  However, the degree of recoveries for a solu t ion 
prepared using underground water ( the sample col lected from Al­
Saad farms in A I-A i n, U . A . E . )  is  too low. This beha viou r 
expla ined by the highly compet i t ive  adsorp t ion of C I- a t  the 
mercury electrode surface which affect the adsorption of the tested 
compound.  It is well known that the underground wa ter con tains 
a rela t ive high concentra tion of cf comparing to tape and treated 
wastewater. I t  should be men tioned that CP is s trongly adsorbed a t  
the  mercury electrode surface comparing to the organic and humic 
acids which may be presen t  in the trea ted wastewater, therefore the 
degree of recovery of CP from the treated wastewater solu tion are 
in the acceptable range (91 .6-94. 1  %) .  
\ 1 03J 
Table 4.1.  Degree of  recover ies  of CP p repa red i n  v a r ious  
environmental wa ler samples. 
W ater  type Concentration range Recovery 
(n = 5) 
mollL mg/L 
Tape water 1 x l 0-7 - 5xl 0-7 0.034 - 0 . 170 96.6 - 1 03.4 
Treated waslewa ter 1 x10-7 - 5xl 0-7 0.034 - 0 . 170 91 .6 - 94. 1  
U nderground water 1 x 1 0-7 - 8x1 0-7 0.068 - 0.272 76.3 - 83.5 
[ 1 04 \  
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4.4.  D e t e c t i o n  a n d  S e m i q u a n t i t a t iv e  D e t e r m i n a t i o n  o f  
Chlorpyrifos i n  Tomato Plant 
The chlorpyrifos compound was extracted from tomato t issue 
us ing n-hexane (procedure of ex traction P .  46) . The n-hexane 
extract  was evaporated and the sol id  residue was d issolved in  
buffer sol u tion of pH 5 .0 1  containing 25% e thanol and 0 .025 M 
N aN 03' 1 0  mL of the solu t ion was placed in the vol tammetric cell  
and under the optimum condi tions for CP determination i t  gives a 
DP-CASV peak a t  -1 .28 V .  This peak corresponding to the cathodic 
reduction peak of CPo  The CP concen tra tion in the sol u tion was 
determined using mul ti-s tep standard addi tion method (Fig. 4 . 1 4) .  
After addi tion o f  standard solu tion o f  CP t o  the volummetric cel l 
the peak was growth wi thin the same potent ia l  range confirming 
that the original peak is the cathodic reduction peak of CP extracted 
from tomato plan t .  From the standard addi tion calculat ion, it was 
found  tha t the concen tra tion of the extrac ted CP from tomato 
t issue is 2 .66x 1 0-7 mol / L  (0.091 mg/ L) .  This resul t  indicates that  the 
concentration of CP in tomato tissue is 0.0 1 82 mg CP / Kg toma to. 
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Fig. 4.14. A p p l i ca t i o n  of  t h e  s ta n d a rd a d d i t i o n  m e thod for 
determination of the CP extracted from toma to plant. 
0) blank solu tion, 1 )  1 0  m L  of the extracted CP , 2 )  9 .98x 1 0-8 , 
3) 1 .96x1 0-7 , 4) 2.91 x 1 0-7 moI l L  CPo 
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CHAPTER V 
Conclusion 
5.  Conclusion 
Polarography and vol tammetry have been widely applied for 
determination and t race analysis of i nserting organic  compound, 
e.g. pest icides. The analysis process proceeds ei ther directly for the 
organic molecules containing electroacti ve group, e.g. � C = N or 
indi rectly by analysis of their metal in complex and charge transfer 
complex. 
Chlorpyri fos compound con taining an electroactive � C = N group 
w h i ch is red u ced to � CH - NH - via  2e- / 2  H + mecha n ism.  
Therefore, the  invest iga ted compound displays a well-defined 
reduc tion peak at the mercury elec trode. The concent ra tion 
dependence of this peak was employed for determina tion and trace 
analysis of Chlorpyrifos using DPP and CAS-DP techniques. 
The peak height dependence of the differential  pulse polarographic 
reduct ion peak of CP on the various solu tions and the operational 
condi tions was careful ly  examined . The most sensi t ive peak was 
recorded at pH 2 .2  in presence of 0 .025 M NaN03 and 25% ethanol. 
In a d d i t ion to  the la t ter  sol u t ion cond i t ions the  opera t ional  
cond i t ions which were selected as  opt imu m condi t ions for CP 
determination are 50 mY pulse ampli tude, 2 mY /s scan ra te, 1 .4 
s drop t ime and 22 °C. Under these optimum condi tions CP was 
determined using DPP down to 6xl0-7 mol / L. 
DPP could be applied for the de terminat ion of C P  compound in 
v a r ious env ironme n ta l  wa ter types, e .g .  t ape, t rea ted- and 
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underground-water. However, we can not use the DPP technique 
for t race d e termina t ion of CP in p l a n t  t i ssue beca use i ts 
concentra tion level is too low. 
A dsorption and accumula tion of the organic compounds at the 
charged mercury electrode surface are considered as prerequisite 
s teps for ana lysis of the organic  compounds using s tr ipping 
vol tammetr ic  techniques. Cyclic vol tamme tric techniques that  is 
one of the best technique could be used to detect the adsorbabili ty of 
the organic compounds at the charged mercury electrode surface. 
The CV response of the CP compound d isplays an i rreversible 
cathodic peak loca ted at highly nega tive potent ia ls corresponding 
to  the � C = N reduct ion.  The CV behaviour of CP under various 
operational condi tions indica tes tha t the oxidized form is s trongly 
adsorbed and accu mula ted at the mercury electrode surface a t  
potent ia l  close t o  the electrocapil lary zero charge of the electrode 
(-0 .4 V) .  
The DP-CASV behaviour of  CP displays a cathodic reduction peak 
very sens i t ive to [CP] / [ H+ ] ratio in acidic solu t ions. The slightly 
a ci d ic and neu tral the reduction peak is main ly  depends on 
concentration. In  order to select the optimum condi tions for trace 
analysis of CP using CASV method the dependence of i ts reduction 
peak on the solu tion and operat ional condi t ions was examined.  
The optimum condit ions was found to be pH 5.01 ,  pulse ampl i tude 
50 m V scan ra te 1 0 m V / s,  adsorpt ion poten t ia l  -0 .4  V and 
( 1 08)  
accum ulation t ime between 1 80-240 s .  The detection l imi t  was 
found 1 x1 0-8 mol / L  of CP at 300 s deposi tion time. 
The DP-CASY was appl ied for the determina tion of the degree of 
recovery of CP from tape-wa ter, t rea ted  was te wa ter  and 
underground water. Over a range of  1 x 1 0-7 - 5x1 0-7 mol / L  (0 .034-
0 . 1 7  mg/ L) concentra tion the degree of recoveries of CP from tape­
and u nderground wa ter are in the range of 91 .6 - 1 03.4%. However, 
the compet i t i ve adsorption of Cl- con ten t  i n  the u nderground 
w a ter a t  the mercury electrode sur face leads to decrease the degree 
of recovery of CP from the underground wa ter to 76.3-83.5%. 
The de termina tion of CP in plant  tissue, e.g. toma to tissue was 
s tudied using sol ven t  extraction technique fol lowed by DP-CASY. 
I t  was found that  the concen tra tion of the CP extracted from the 
toma to t issue was 2 .66x1 0-7 mol / L  (0.09 1  mg/ L) .  A lso, the resul ts 
ind ica ted that  C P  could be determ ined in tomato t issue down to 
0 .0 182 mg/CP / Kg tomato. The amoun t of CP in tomato t issue was 
determined using a standard addi tion method. 
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